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ABSTRACT 


The Defense Logistics Agency (DLA) currently operates 28 depots in the United 
States from which it supplies over 45,000 customers with over three million products 
procured from over 10,000 suppliers. DLA plans to reduce its infrastructure and proposes 
to analyze its distribution system using the Strategic Analysis of Integrated Logistics 
Systems (SAILS) model - a mixed integer linear programming model widely used by 
civilian organizations to make facility location and logistics network design decisions. The 
size of DLA's distribution system precludes directly evaluating all possible depot, product, 
and customer combinations. This thesis derives a 29 product, 113 customer aggregation 
scheme which facilitates SAILS execution and appears to adequately capture sufficient 
detail to accurately model DLA. Extensive comparisons between this aggregation scheme 
and others (44,49, and 67 product; and 199 and 113 customer aggregations) at 100, 90,80, 
50, and 30 percent of derived depot throughput capacity show solutions to different 
aggregations result in virtually identical closure recommendations and total annual costs. 
This thesis shows how DLA can save over 300 mUlion dollars annually through depot 
closure and reorganization. 
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EXECUTIVE SUMMARY 


This thesis shows how the Defense Logistic Agency (DLA) can 
save over 300 million dollars annually through depot closure and 
reorganization. This conclusion follows extensive analysis of 
DLA's distribution network using the Strategic Analysis of 
Integrated Logistics Systems (SAILS) model - a mixed integer 
linear programming model widely used by civilian organizations to 
make facility location and logistics network design decisions. 
This thesis derives a 29-product, 113-customer aggregation scheme 
which facilitates SAILS execution and appears to adequately 
capture sufficient detail to accurately model DLA. Extensive 
comparisons between this aggregation scheme and others (44-, 49-, 
and 67-product; and 199- and 113-customer aggregations) at 100, 

90, 80, 50, and 30 percent of derived depot throughput capacity 
show solutions to different aggregations result in virtually 
identical closure recommendations and total annual cost. 

The Defense Logistics Agency (DLA) currently operates 28 
depots in the United States from which it supplies over 45,000 
customers with over three million products procured from over 
10,000 suppliers. DLA must reduce operating costs to accommodate 
declining Defense budgets. Consequently, a number of facilities 
has been slated for closure or realignment under the Defense Base 
Realignment and Closure (BRAC) Commission's 1991 and 1993 
recommendations. DLA will plan further closures for 1995 using 
the Strategic Analysis of Integrated Logistics Systems (SAILS) 
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model. The size of DLA's distribution system precludes directly 
evaluating all possible depot, product, and customer 
combinations. Without aggregation, data input and output would 
be overwhelming even if sufficient computer memory, computational 
ability, and storage exist to solve the resulting SAILS' mixed 
integer linear program. 

Even with aggregation, modeling of DLA's extensive 
distribution system requires enormous amounts of data. This 
thesis uses the following information supplied by DLA: the 1992 
Material Release Order files containing over 17 million material 
shipment transactions totaling over 1 billion pounds from which 
demand and customer information is obtained, depot fixed and 
variable costs, and depot throughput capacity information. 

Because of difficulty obtaining and manipulating the required 
files, this thesis does not directly model subsistence material 
which accounts for approximately 25 percent of total demand 
weight. Instead, it uses a conservative estimate of the depot 
throughput capacity. From all data, a 29-product, 113-customer 
aggregation scheme is developed and extensively tested on a 586 
66 MHz personal computer with 261 megabytes of extended memory. 

Solutions produced using the various aggregation schemes 
indicate that significant annual savings of over 300 million 
dollars can be realized from depot closures and reorganization. 
Recommended closures decrease fixed and variable costs by 
approximately 349 million dollars while increasing transportation 
costs by 13.5 million dollars. 
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I. INTRODUCTION 


The Defense Logistics Agency (DLA) must reduce it 
operating costs to accommodate declining Defense budgets. 
Consequently, a number of facilities has been slated for 
closure or realignment under the Defense Base Realignment and 
Closure (BRAC) Commission's 1991 (BRAC Commission [1991]) and 
1993 (BRAC Commission [1993]) recommendations. DLA will plan 
further closures for 1995 using the Strategic Analysis of 
Integrated Logistics Systems (SAILS) model (INSIGHT Inc. 
[1993]). SAILS is a computer program widely used by civilian 
companies to make plant location, warehouse location, and 
inventory positioning decisions (Appendix A contains the 
underlying mixed integer linear program at the heart of 
SAILS). The size of the DLA's distribution system precludes 
directly evaluating all possible depot, product, and customer 
combinations. Without aggregation, data input and output 
would be overwhelming even if sufficient computer memory, 
computational ability, and storage exist to solve the 
resulting SAILS' mixed integer linear program. This thesis 
defines aggregation schemes for DLA products, customers, and 
suppliers for use in SAILS. 
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A. DEFENSE LOGISTICS AGENCY 


DLA's primary mission is timely provisioning of consumable 
material to Department of Defense activities during either 
peacetime or wartime. DLA's problem is how to maintain the 
current level of customer service while closing existing 
facilities and reducing operating costs. House [1978] 
succinctly states DLA's dilemma: 

The importance of the facility location problem is due 
primarily to the fact that distribution centers represent 
significant cost centers in the distribution channel... 
distribution depots represent points where customer 
service is provided through the maintenance of 
inventories. In many situations, it can be shown that as 
more facilities are sited there is a proportional increase 
in the amount of customer service provided...[House 1978 
P. 1] 

The DLA distribution system is primarily a two-echelon 
system where materials flow in large shipments from suppliers 
to depots and from these depots in smaller order quantities to 
the ultimate consumers. A small amount of material flows 
directly from vendor to customer but suppliers do not 
necessarily remain constant over time, and therefore this 
thesis models DLA's distribution system as a pure two-echelon 
system with no direct vendor to customer flows. 

DLA manages a diverse mix of material including 
subsistence items, aircraft repair parts, clothing, paper 
products, fuel, medicines, and construction material (DLA, 
[1992]). To operate the distribution system, DLA has: 

• six inventory control points responsible for inventojry 
management of over three million line items. 
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28 distribution depots located throughout the United 
States responsible for the receipt, storage, and 
distribution of this material [DLA, 1992]. 


DLA has recently assumed greater responsibilities as the 
Department of Defense (DOD) attempts to reduce operating costs 
by consolidating operations. As the result of Defense 
Management Review Decisions (DMRD) issued by the Secretary of 
Defense [1989], the following actions have increased DLA's 
responsibilities: 

• Consumable items previously managed by the individual 
services have been transferred to DLA; this action has the 
potential to increase the range of materials managed by 
981,000 line items (DMRD 926 [1989]). 

• Distribution depots previously operated by the individual 
services have been transferred to DLA which increased 
DLA's total number of depots to thirty two (DMRD 902 
[1989]) . 

B. OBJECTIVE OF CURRENT RESEARCH 

This study develops aggregation schemes for DLA products, 
customers, and suppliers which allow DLA's distribution system 
to be modeled within SAILS and allows SAILS' underlying 
mathematical model to be solved in a reasonable time without 
significant loss of fidelity. To evaluate the validity of the 
aggregation techniques, several commodity and customer 
aggregation schemes are formulated. Comparisons are made 
between the solutions generated from the different techniques 
highlighting significant variation. The base year for 
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purposes of this study is fiscal year 1992. Historical files 
for fiscal year 1992 show that DLA: 

• procured material from over 10,000 suppliers; 

• processed and shipped over fifteen million requisitions 
with a total weight of over one billion pounds; and 

• served over 45,000 customers including all military 
services and other government activities. 

C. THESIS OUTLINE 

Chapter II discusses the 1978 Department of Defense 
Material Distribution System (DODMDS) study and related 
literature. Chapter III discusses the aggregation schemes 
developed. Chapter IV provides computational experience. 
Chapter V presents conclusions and recommendations. Appendix 
A contains the underlying mathematical model used by SAILS. 
Appendix B provides a listing of the material groupings 
managed by DLA. Appendix C presents a statistical summary of 
the material transaction file supplied by DLA for this study. 
Appendix D details the four different commodity aggregation 
schemes. Appendix E describes the customer aggregation 
schemes. 
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II RELATED STUDIES 


The DLA distribution system was examined in 1978 by the 
Department of Defense Material Distribution System (DODMDS) 
study, a joint service effort commissioned after the Vietnam 
War to reduce DOD operating costs. The purpose of this study 
was to examine the existing distribution system and recommend 
improvements which would support individual Service 
operational requirements in an effective and efficient manner. 
This chapter reviews this study and studies accomplished on 
civilian distribution networks which are useful as a 
foundation for developing aggregation schemes. 

A. DEPARTMENT OF DEFENSE MATERIAL DISTRIBUTION SYSTEM 

(DODMDS) STUDY 

The DODMDS study, undertaken in April 1975, examined the 
distribution systems operated by the Army, Air Force, Navy, 
Marines, and DLA within the fifty United States. This study 
examined the entire DOD distribution network which included 
maintenance depots as well as storage facilities. All 
material managed by these services and required within the 
United States and overseas was included with the exception of 
the following products: bulk petroleum, perishable 
subsistence; ammunition; chemical, biological, and 
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radiological items; industrial plant equipment; and some major 

end items (i.e., ships, aircraft, and strategic missiles) 

(DODMDS [1978] Vol Ip. 9) . Because of the inclusion of 

repairable components and the need for this type of material 

to be returned to maintenance facilities for repair, the 

material return network was examined as well. Released in 

1978, the study provided an optimal distribution network for 

DOD, but these results were never implemented. 

The DODMDS study group acknowledged a problem which is 

inherent in any examination of a system this extensive where 

data aggregation is required: 

Large scale studies have frequently been criticized for 
aggregating a problem out of existence and unwittingly 
biasing the results through the aggregation process. 
{DODMDS [1978] Vol Ip. 27) 

DLA agreed with this criticism. In their opinion, data 
aggregation significantly reduces the variability associated 
with individual items and demand locations (DLA [1978]). The 
major assunption underlying the DODMDS study is demand 
stability and this situation is not always the case with 
DLA's demand patterns. Hobbs and Lanagan [1992] find that 
demand stability for DLA requirements is an erroneous 
assumption. According to their study, demand variability 
exists on three levels: 

• Examining total demand across all commodities and over a 
10 year period, annual demand experiences a 33 percent 
decrease from a peak year to the minimum period; 
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within two commodities examined individually (Electronics 
and General), annual deihand decreases approximately 25 and 
30 percent respectively over a seven year period; 

Using two different populations of items and the six 
original DLA depots (Mechanicsburg, Richmond, Memphis, 
Columbus, Ogden, and Tracy), Hobbs and Lanagan examine the 
worlcload variability for these depots over a two year 
period. For population A (103,000 items), these depots 
experience shifts in the number of transactions from an 
increase of 10 percent to a decrease of 3 percent and 
decreases in shipment quantities from 12 percent to 20 
percent. For population B (219,000 items), the number of 
transactions vary from an increase of 9 percent to a 
decrease of 7 percent and the quantities shipped vary from 
a plus of 2 percent to a minus 23 percent; 

Using the same two population groups (population A, 
103,000 items and population B, 219,000 items) and 11 
customer groupings, Hobbs and Lanagan examine the 
variability of demand within customer clusters over a two 
year period. For population A, the number of transactions 
processed vary from a plus 8 percent to a minus 6 percent 
and the actual quantities shipped varies from a minus 3 
percent to a minus 2 9 percent. For population B, the 
number of transactions vary between a plus 4 percent to a 
minus 16 percent while the actual quantities shipped 
varies from a minus 3 percent to a minus 26 percent. 


These results show that customer demand may not be stable 
between periods for a geographic location but offer no 
predictive estimates of future demand patterns. Experience 
with SAILS in the private sector (Karrenbauer [1994]) has 
shown that demand variability with commercial organizations 
far exceeds that reported by Hobbs and Lanagan [1992] and that 
DLA's distribution network can be meaningfully accommodated by 
SAILS. SAILS develops a optimal strategic distribution 
network (i.e., determines optimal depot locations for the 
network operating over a long time-frame) as opposed to a 
tactical or operational plan designed to make daily decisions. 





This study, like the DODMDS study, bases its analysis and 
conclusions on one year's historic data. 

The aggregation techniques utilized in the DODMDS study 
are used as a template for the schemes of this current study. 
Specific similarities and differences between the aggregations 
of the DODMDS study and the ones presented in this thesis are 
addressed in follow on chapters. 

B. OTHER STUDIES 

In recent years substantial research has been accomplished 
discussing location analysis for plants, distribution 
facilities, retail activities, and service centers (House 
[1978]; Geoffrion [1976]; Geoffrion and Graves [1974]; Ghosh 
and Mclafferty [1987]; Khumawala and Whybark [1971],- 
Klincewicz [1985]; Neebe and Khumawala [1981]; Cooper [1967]; 
Geoffrion and Powers [1993]). According to Geoffrion and 
Powers [1993 p. 2], these studies have resolved the following 
basic distribution network planning questions: 

• How many distribution centers should there be and where 
should they be located? 

• What size should each distribution center be and what 
products should it carry? 

• What distribution center (plant) should service each 
customer? 

• Should all stocking points carry all products or 
specialize by product line? 

• How should each plant's output be allocated among 
distribution plants/customers? 




What should the annual transportation flows be? Should 
pool points be used, and if so where should they be? 

For a given level of customer service, what is the cost 
savings for the proposed system? 


On the other hand, there has been limited research conducted 

on the aggregation techniques necessary to facilitate data 

input into these models and the results these schemes have on 

final solutions. As House and Jamie [1981] state: 

Research conducted in the past several years has focused 
almost exclusively on techniques employed in planning... 
very little research appears to have been conducted in 
determining the sensitivity of planning results to the 
methods employed in aggregating data.(House and Jamie 
[1981]) 

Recent improvements in computers and the location models 

allow inputs to be much more voluminous and detailed than 

previously, but data aggregation is still necessary. Bender 

acknowledges the importance of aggregating data correctly: 

The most critical step in the analysis and design 
process is to determine the right level of data 
aggregation: the more aggregated the data, the greater 
the potential errors in analysis, but the simpler it 
is to analyze, and the cheaper it is to assemble. 
(Bender [1985] p. 157) 


1. PRODUCT AGGREGATION 

DLA manages over three million line items. 
Recognition of each of these products individually is 
impractical for any facility location model thus some product 
aggregation is required. 
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To aggregate products there are four factors according 


to Bender which must be considered:(Bender [1985] p. 157) 


Market: identify the top products which account for the 
bulk of material shipped; account for the different sales 
ratios in the various markets; 

Logistic: aggregate products with similar transportation 
rates, handling, and storage characteristics; 

Production: aggregate products with similar unit 
production costs and those produced in the same plants; 
and 

Organizational: aggregate products based on any unique 
requirements of the organization. 


The aggregation studies reviewed in this thesis have 
not concentrated on product aggregations. These studies 
(House and Jamie [1981]; Ballou [1991] and [1993]) examine 
distribution systems comprised of a limited number of consumer 
oriented products or product lines where the need to aggregate 
has not been considered or the aggregation scheme is 
straightforward. With product aggregation, the variability 
inherent in individual products is reduced. Ballou [1991] 
diminishes the importance of product differences concluding 
that these differences did not play a major factor in demand 
cluster determinations: 

Different transport rates associated with different 
products do not significantly affect the number of 
clusters to be used- or the manner in which the clusters 
are formed... product differences and their shipment 
sizes can be eliminated as an important variable in the 
selection of demand clusters. (Ballou [1991] p. 14) 
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civilian distribution systems typically manage similar 
products. Conversely, DLA handles a varied line of products. 
This study determines whether product aggregation schemes have 
an impact on depot location decisions. 

2. GEOGRAPHIC CUSTOMER AGGREGATION 

DLA has over 45,000 customers. Recognition of each of 
these customers individually is impractical for any facility 
location model thus some customer aggregation is required. 

A number of approaches has been used by analysts to 
aggregate customers including grouping customers by: 
geographic proximity, type of customer, type of export, or 
specific customer service requirements. Georeferencing 
approaches typically rely on Standard Metropolitan Statistical 
Areas, individual states, and postal zip code sections to 
aggregate customers. 

Ballou [1993] uses a method that is particularly 
suited for this study whereby the 900 three-digit zip codes 
are used as a starting point. The pair of zip codes closest 
to one another are combined to form one cluster. This process 
is repeated until the desired number of clusters is attained. 
The center of the cluster is determined and this point becomes 
the demand location for that grouping of customers. 

Errors arise as transportation costs are calculated 
based on distance measurements from the service center to the 
midpoint of a cluster region as opposed to an actual location. 
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Hillsman and Rhoda [1978] state that three types of errors are 
created as the result of this estimation: 


Cost error: cost errors results from measuring distance to 
the service center from the aggregated point instead of 
from the actual demand points; 

Error is created when the service center is located at the 
aggregated point in which case the distance from service 
center to demand is zero. This measurement underestimates 
the true transportation costs as the center is actually 
serving dispersed demand; and 

Errors are created when distances from aggregated demand 
points to service center are used to assign demand to the 
nearest center. In this situation some demand may be 
assigned to the wrong center. 


Hillsman and Rhoda [1978] analyze the magnitude of these types 
of errors for contrived demand patterns. They conclude that 
demand aggregation causes distance measurement errors up to 8% 
for their contrived demand patterns and expect higher 
percentages for actual systems. 

Extending Hillsman and Rhoda's research, Casillas 
[1987] conducts a study which determined the effects certain 
factors have on the facility location problem. Casillas 
defines the following two types of errors created as the 
result of demand aggregation: 


Cost-estimate error: the difference between the cost to 
service aggregated demand from the optimal service 
location and the true cost of servicing the unaggregated 
demand from that location; 

Optimality error: the effect of misallocating demand to 
service centers and the resultant mislocation of these 
centers based on the use of aggregated rather than 
unaggregated demand. 
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Varying "the level of aggregation, the location of aggregated 
demand points, and the number of service centers to be 
located," his study determines the effect these factors have 
on the objective function and the location of the service 
centers. Casillas' results show that the cost-estimate error 
is monotonically increasing with the number of source points 
and the level of aggregation. The results for the optimality 
error are not as conclusive in that there is no established 
pattern relating the optimality error with the number of 
source points and the level of aggregation. Casillas' 
conclusion is that in general customer aggregation does not 
have a significant effect on the location of service centers. 

Current and Schilling [1987] also extend the research 
of Hillsman and Rhoda. They state that demand aggregation 
results in the loss of locational information which may result 
in suboptimal service center location. Their study devises a 
method of formulating the aggregated customer regions such 
that all but the third error (assigning demand to the nearest 
center) are eliminated. They compare their method to the 
traditional methods of forming clusters. Current and 
Schilling's study is accomplished on a distribution network 
consisting of 681 nodes aggregated into 3 0 and 7 0 demand 
units,- five, seven, and nine source points; and uses four 
different sets of demand data. Using Casillas' definitions 
for optimality and cost errors, their study yields the 
following results: 
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• both optimality and costing errors increase monotonically 
with the number of sources; and 

• both optimality and costing errors decrease as the number 
of demand clusters increase. 

Research conducted by House and Jaimie [1981] on a 
distribution system consisting of seven market demand systems, 
eight warehouse networks, three shipment size groupings, and 
three consumer-oriented products reaches the following 
conclusions: 

• as the number of markets increases, the outbound freight 
errors decreases; 

1 • error in outbound transportation cost estimation can not 

^ be reasonably controlled with market systems of less than 
100 aggregated customer points; 

• shipment errors can be maintained within 2-3 percent 
with at least 150 markets; and 

• as the nuitOaer of distribution points increases relative to 
the number of markets transportation costing error 
increases. 


Ballou [1991 and 1993] extends the research conducted 
by House and Jaimie [1981] examining the transportation 
costing error occurring in a distribution system. Ballou 
determines the effect the number of clusters, size of the 
clusters, and the number of source points have on the 
transportation costing error. Examining a distribution 
network consisting of source points ranging in number from 1 
to 100, market clusters ranging in number from 50 to 900, and 
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shipment sizes ranging from 500 pounds to a full truckload , 
Ballou [1993, p. 15] arrives at the following conclusions: 


• the usua^'-^ractice of using 100 to 200 clusters is not 
applicate to all problems; 

• contro^ing the cluster size during cluster formation can 
significantly reduce transportation costing error; 

^ • grouping customgrts by proximity is a reasonable way to 
form clusters^^d reduces transport costing error; 

• coding error does not exceed 1.5 percent for carefully- 
fefrmed clusters ; 

• as the m^^hber of sources increases the costing error also 
rises 

• costing erfors are reduced with increased numbers of 
clusters y^and 

• costing errors increase as the number of facilities 
increases rel^ive to the number of clusters. 

/ 

Ballou [1993, p. 17] presents recommendations for total 
customer aggregations based on the number of source points, 
allowable error, and cluster size expressed as a percentage of 
total demand existing in the distribution network. 

In summary, all literature suggests that as the number 
of customer groupings is reduced the area of the aggregated 
zone increases resulting in an increase in transportation 
costing errors. In the formulation of these customer 
groupings, these authors agree that: 


• aggregation by proximity is a reasonable approach; and 

• as the number of sources or depots increase relative to 
the number of customers, transportation costing error 
increases. 
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Ballou [1993] suggests that customer groupings in the 100 to 
200 range is not applicable to all situations. For 
distribution networks with 25 source points (DLA's size), his 
study suggests that the number of customer groupings should be 
in the 300 to 500 range. This recommendation seems 
inapplicable to DLA because the top 100 three-digit zip codes 
account for approximately 84 percent of the material 
processed. The contention here is that a significant increase 
in transportation accuracy will not be gained through 
increasing the number of customer groupings much above 100. 
This study tests a range of customer groupings between 100 and 
200 . 

3. SUPPLIER AGGREGATION 

DLA has over 10,000 suppliers. Recognition of each of 
these suppliers individually is impractical for any facility 
location model thus some supplier aggregation is required. 

Other than the procurement source aggregation scheme 
presented in the DODMDS study, there appears to be no other 
literature on supplier aggregation. The DODMDS study 
identifies the rationale for aggregating material sources as: 
"the large number and geographical dispersion of procurement 
sources; the dimensional limitations of the analytical models; 
and the need to make the data comprehensible to facilitate 
analysis" (DODMDS Vol III [1978] Section 4 p. 4.2). Because 
of the similar objectives, it seems reasonable to aggregate 
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suppliers in the same fashion as customers, whereby a 
georeferencing system is used to identify major supplier zones 
and those remaining are aggregated with the major ones based 
on proximity. The specific approach used in the DODMDS study 
is addressed in subsequent sections. 
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Ill AGGREGATION SCHEMES 

This chapter discusses aggregation schemes for DLA's 
products, customers, and suppliers. Similarities and 
differences between aggregations in this thesis and the DODMDS 
study are highlighted. 

A. PRODUCT AGGREGATIONS 

DLA manages over three million line items. Recognition of 
each of these products individually is impractical for any 
facility location model: Some product aggregation is required. 
The goal in this aggregation process is to develop categories 
which are sufficiently homogeneous for modeling purposes: 
Product groupings should have similar management, shipping, 
and handling characteristics. Because the DODMDS study is 
the only study of the literature reviewed which examines 
product aggregations, the DODMDS study provides the template 
for the schemes employed in this study. 

Each item managed within the Federal supply system is 
assigned a national stock number (NSN) which uniquely 
identifies the item. The first four digits of the NSN is 
referred to as the Federal Supply Classification (FSC) and the 
last nine digits are the National Item Identification Number 
(NIIN) . Figure 3.1 provides an example of the NSN for a steel 
wood screw. The four-digit FSC categorizes all material 
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managed within the Federal system. The first two digits of 
the FSC identifies the major material groupings (in the 
example shown in Figure 3.1, FSC group 53 signifies that this 
item belongs to the Hardware and Abrasives group). 


NATIONAL STOCK NUMBER 

5305 - 00 - 010-1944 

I_I I_I 

/ \ 

FSC NUN 


Figure 3.1: National Stock Number for a steel screw. The FSC 
5305 expresses the group and class for the item: Group 53 
signifies this item belongs to the Hardware and Abrasives 
Group and Class 05 signifies the item is a screw. The NIIN 
00-010-1944 uniquely identifies this particular steel screw. 


There are sixty-eight different groups managed by DLA which 
are listed in Appendix B. The second two digits represent the 
FSC class which provides a more detailed description of the 
type of material included in a group (Appendix B provides a 
detailed description of the classes available in FSC group 53 
Hardware and Abrasives). The FSC forms a natural grouping 
mechanism since it "relates like items of supply and 
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conversely separates unlike items of supply" (DLA HI [1985]). 
Because of the large number of items and the diversity of 
material managed by DLA, the ease with which an aggregation 
scheme based on this system could be implemented, as well as 
the unique requirements of each service, aggregation 
strategies based on FSC are the most appealing approach. 

The product aggregations developed are based on the 
Material Release Order files for fiscal year 1992 looking at 
the commodities listed in Table 3.1. These files are provided 
by the Defense Operations Research Office (DORO) and detailed 
material shipments for the specific commodities for the year. 


Table 3.1: DLA provided the Material Release Order files for 
FY 1992 which lists all depot-to-customer shipments for FY 
1992. All material in the Material Release Order files are 
labelled according to the following commodities. 


Commodity 

Material Description 

C 

Construction 

E 

Electronics 

G 

General 

I 

Industrial 

M 

Medical 

T 

Textiles 


Because of difficulty obtaining and manipulating the required 
files, subsistence items (which accounted for 25 percent of 
total shipment weight in the DODMDS study) are excluded from 
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this study. This exclusion is modeled by using a conservative 
estimate of capacity as discussed in the following chapter. 

PSC offers an initial grouping of like items based mainly 
on management criteria. Shipping and handling characteristics 
are obtained by a statistical analysis of these groupings 
which shows the degree of homogeneity within FSC. The DODMDS 
study (DODMDS [1978] Vol^II SecJ:ion 4) subdivided all items 
within a FSC into fifteen intervals by unit weight, unit cube, 
and unit price. Statistical analysis of these groupings was 
accomplished to determine homogeneity within FSC. Four 
independent groups of analysts determined that like FSC's 
could be aggregated based on physical characteristics using 
the following ranking scheme: 

• primary importance was placed on unit weight within FSC; 

• secondary emphasis was placed on the issue weight for 
items within FSC; and 

• the number of issues of individual items and the quantity 
of items issued were considered within FSC. 

This aggregation process was performed iteratively where 
statistical analysis (calculation of mean and variance for the 
above characteristics) of the groupings determined whether 
aggregations were sufficiently homogeneous. The study derived 
72-aggregate products which the DODMDS study concluded were 
sufficiently homogeneous for modeling purposes. These 72- 
aggregate products were further aggregated until 27-aggregate 
products resulted. 
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In addition to the DODMDS study, a number of other 
aggregation studies (See House and Jamie [1981] ; Ballou [1991] 
and [1993]; Current and Schilling [1987]) have focused on 
shipment weight in transportation rate determination. As a 
result of conclusions derived from these studies and on DLA's 
evolution toward use of innovative depot-to-customer shipping 
modes, this thesis concentrates on weight characteristics to 
determine product aggregations. ' 

A statistical analysis of the transaction files reveals 
the follow ing : 

• 91% of the totals weight issued is composed of. just_90 

FSC'sj 

• 90% of the, tntal issues is accounted for by just 90 FSC's; 
and 

• 56 of the FSC's appea r,iit both of these categories. 

Because repairable components are not included, variability 
within FSC groupings is not as significant as that found in 
the DODMDS study. However, as Appendix C shows, significant 
variability still exists within FSC groupings. Further 
analysis reveals that 92% of the material shipments are less 
than fifty pounds. The material in the large weight 
categories is significantly different from the norm which 
helps explain the large variance found within each grouping. 

The following four product aggregation schemes are 
developed and provided in detail in Appendix D; 
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67-aggregate products: Accomplished strictly by FSC 
product groupings. No distinction is made within product 
groupings between aviation and non-aviation related 
material. 

44-aggregate products: The 67 aggregate products are 
further aggregated by grouping like items. A distinction 
is made within groupings between aviation and non-aviation 
related material. 

29-aggregate products: The 44 aggregate products are 
further aggregated by grouping like items. 

49-aggregate products: This approach is based on demand. 
Taking the top 75 FSC's by frequency of demand and total 
weight requisitioned, the FSC's which appear in both 
categories are the focus of a aggregate product and like 
items are grouped with these major FSC's. No distinction 
is made between aviation and non-aviation material within 
these aggregate products. Those products annotated with 
an asterisk in Appendix D7 represent aggregate products 
which are not centered around an item appearing on any of 
the top 75 list. Because this material is not similar to 
material found within any of these major groupings, 
separate aggregate products are created. 


B. COSTOMER AGGREGATIONS 

Customer aggregation is required to model the material 
flows from the distribution facilities to the more than 45,000 
individual DLA customers. As the DODMDS study states: 
"Retaining the accuracy of demand location was most 
significant since the structure of a distribution system 
(distribution center location) is heavily influenced by the 
geographical location of the demand and sources of supply" 
(DODMDS Vol III [1978] Section 2 p 2.1). 

The DODMDS study (DODMDS Vol III [1978] Section 2) 
identifies the major installations by total demand and 
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aggregates remaining activities with these major installations 
based on proximity. This process is accomplished with three- 
digit zip codes and the Department of Defense Automatic 
Address Code (DODAAC), a six-digit code which identifies 
individual activities. DODMDS examined the material flows 
from depot to customer as well as material returns from 
customer to depot and created 205 aggregated groupings. Where 
feasible, uniformed service identity was retained. 

This thesis uses the three-digit zip code aggregation 
facilities available in SAILS to aggregate customers. 
Aggregation schemes are developed based on the top 259 major 
American cities (as identified in SAILS, see Appendix E). 
These cities are initially identified as the major nodes. All 
customers outside these zones are aggregated with these major 
areas based on proximity. Demand for deploying and overseas 
activities is assigned to the two containerization facilities: 
Mechanicsburg, Pennsylvania on the East coast and Tracy, 
California on the West coast. Of the top 250 DLA customers 
(as identified by three-digit zip code and total weight 
received), 149 have three-digit zip codes corresponding 

directly to the three-digit zip codes of the 2 59 major 
American cities. Attempts to use this 259-customer model in 
SAILS have been unsuccessful: The model dimensions are too 
large to permit timely solutions. Using the transaction 
information from the 259-customer model, two customer 
aggregation schemes of 199 and 113 customers are developed. 
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Those cities which had less than 100,000 pounds (1 million 
pounds for the 113-customer aggregation) of shipment activity 
are deleted as major nodes. The total weight received by 
these cities amounts to 2.6 million pounds which accounts for 
less than one percent of total weight shipped (39 million 
pounds and less than 4 percent for the 113-customer 
aggregation). The cities included in both aggregation schemes 
are provided in Appendix E and a map of the cities comprising 
the 113-customer aggregation is provided in Figure 3.2. 

An analysis of the transaction file shows that of the top 
100 three-digit zip codes (according to total weight shipped), 
66 three-digit zip codes directly correspond to the three- 
digit zip codes of the 113 major cities. These 66 three-digit 
zip codes account for 51 percent of total demand weight and 70 
percent of the total requisitions. 

C. SUPPLIER AGGREGATIOKS 

Supplier aggregations are accomplished to facilitate 
dealing with the 10,000 material sources for the DLA 
distribution system. For procurement source aggregation, the 
DODMDS study (DODMDS Vol III [1978] Section 4) examines a 
number of alternate strategies and selected "the 80/20 rule" 
(80 percent of the procurement activity represented by 20 
percent of the three-digit zip codes) as the preferred 
strategy: The DODMDS study identified the three-digit zip 
codes which provide 80 percent of the weight, 80 percent of 
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the procurement dollar value, and 80 percent of the total 
transactions processed. Identified as nodes, these zip codes 
represent fifteen percent of the total United States zip codes 



Figure 3.2: Cities comprising the 113-customer aggregation 
scheme. These aggregated locations are formed by taking the 
259 major cities identified in SAILS and deleting those cities 
which account for less than 1 million pounds of demand 
activity (total weight received by these cities is 39 million 
pounds and less than four percent of total weight shipped). 
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and account for approximately ninety percent of the 
procurement activity in all three categories. The remaining 
sources identified by three-digit zip codes are grouped with 
these nodes based on proximity. 

Initially this study chose to follow the same approach as 
the DODMDS study by identifying major supplier locations by 
three-digit zip codes and aggregating minor supplier zones 
with these primary locations. Because of difficulty with the 
procurement file supplied by DLA, accurate replenishment 
information is unavailable and therefore this study uses a 
supersource or single location as the sole procurement source. 
This location is a centralized location in Memphis, Tennessee 
three-digit zip code 375. The DODMDS study uses a supersource 
concept where the transportation rate from depot to customer 
is calculated as if each customer receives the aggregate 
product from all suppliers at the percentage of the total each 
supplier provides systemwide. This thesis calculates the 
transportation rates by aggregate product from the centralized 
location to each depot (i.e., assuming all suppliers are 
located at the supersource). 


D. Transportation Mode Aggregations 

The DOD transportation system moves material via the 
shipment modes identified in Table 3.2. This study 
acknowledges a requisition priority by retaining the mode 
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structure. To facilitate data input into the SAILS model, 

the modes which experience limited use are aggregated with the 

Table 3.2; This table provides the shipment modes, frequency, 
and percentage of total shipments for the DLA material 
shipments for FY 1992 as specified in the Material Release 
Order files. Obtained from DLA, these files provide all 
depot-to-customer material shipments for FY 1992. 


Description 

Mode 

Freouencv 

% of Total 1 

Motor,truckload 

A 

1992099 

■ ” 0.1262“ 

Motor, less truckload 

B 

3568067 

0.2261 

Van 

C 

5 

0.0000 

Driveaway 

D 

75 

0.0000 

Busline 

E 

1 

0.0000 

Military Airlift Command 

F 

37571 

0.0024 

Surface, parcel post 

G 

953134 

0.0604 

Air, parcel post 

H 

624534 

0.0396 

Govt truck 

1 

147486 

0.0093 

Small package carrier 

J 

1741819 

0.1104 

Rail, carload 

K 

2877 

0.0002 

Rail, less carload 

L 

168 

0.0000 

Freight forwarder 

M 

7 

0.0000 

LOGAIR 

N 

17168 

0.0011 

Organic Military Air 

0 

594 

0.0000 

Bill of Lading 

P 

2452 

0.0002 

Air freight/express 

Q 

301755 

0.0191 

Expedited air freight 

R 

311 

0.0000 

Scheduled truck 

S 

96961 

0.0061 

Air freight forwarder 

T 

98742 

0.0063 

QUICKTRANS 

U 

11299 

0.0007 

SEAVAN 

V 

152730 

0.0097 

Water, river, lake 

w 

10 

0.0000 

Bearer walk-thru 

X 

5469 

0.0003 

Intra-theater air lift 

Y 

7549 

0.0005 

Military Sealift Command 

z 

631 

0.0000 

Govt watercraft 

2 

80 

0.0000 

Roll on\ Roll off 

3 

120 

0.0000 

Armed Forces Courier 

4 

142 

0.0000 

United Parcel Service 

5 

5017392 

0.3179 

Military Ordinary Mail 

6 

1128 

0.0001 

Express Mail 

7 

29481 

0.0019 

Pipeline 

8 

56 

0.0000 

Local Delivery 

9 

701173 

0.0444 

Missing/ erroneous 


267551 

0.0170 
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major modes as reflected in Table 3.3. 

An analysis of the transaction files shows that 84 percent 
of the material is shipped using five modes of shipment. 

The SAILS model has Yellow Freight and United Parcel 
Service rate tables available to determine transportation 
rates. Additionally, user-defined rates can be incorporated 
into the model. This rate information is used to determine 
an average rate per hundredweight (CWT) for each aggregate 
product and depot-to-customer combination. 

Because rate information for the transportation modes 
utilized by the DOD system are not readily available, this 
study chose to use the UPS and Yellow Freight rates available 
in SAILS to estimate these averages. When the eleven 
aggregated modes identified in Table 3.3 are used in the SAILS 
model, the results produce excessive SAILS execution times. 
These 11 modes are therefore consolidated into six shipment 
categories and a shipment profile is created based on an 
analysis of the transaction file. Table 3.4 details the 
percentage of usage for each of the six modes and their 
categories. 
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Table 3.3: Aggregation of limited-use shipment modes into the 
11 major mode categories for initial input into the SAILS 
model. 


MAJOR 

MODE 

explanation- 

AOeREGATED 

MODES 

EXPLANATION | 

A 

MOTOR, TL 

C 

VAN 

D 

DRIVEAWAY 

P 

TGBL 

V 

ISEAVAN 

S 

SCHEDULED TRUCK SERVICE 

3 

ROLL ON/ ROLL OFF 

B 

MOTOR. LTL 

M 

FREIGHT FORWARDER 

K 

RAIL, CARLOAD 

L 

RAIL. LESS THAN CARLOAD 

Q 

AIR FREIGHT 

AIR EXPRESS 

R 

EXPEDITED AIR FREIGHT 

T 

AIR FREIGHT FORWARDER 

9 

LOCAL DELIVERY 

X 

BEARER PICKUP 

1 

GOVT TRUCK 

U 

QUICKTRANS 

o 

ORGANIC MIUTARY AIR 

N 

LOGAIR 

G 

SURFACE PARCEL 
POST 

6 

MILITARY ORDINARY MAIL 

E 

BUSLINE 

J 

SMALL PACKAGE CARRIER 

5 

UPS 

H 

AIR PARCEL POST 

1ST CLASS MAIL 

7 

EXPRESS MAIL 

F 

MILITARY AIRLIFT 
COMMAND 



Z 

MILITARY SEALIFT 
COMMAND 



# 

MISC 

4 

COURIER 

8 

PIPELINE 

Y 

INTRA THEATER AIRLIFT 

W 

RIVER , LAKE 

2 

GOVT WATERCRAFT 


MISSING & ERRONEOUS ENTRIES 
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Table 3.4: This table details the six alternate aggregated 
transportation modes used with model runs, the SAILS rate 
category used for each of these modes, and the usage 
percentages. This information is used by SAILS to calculate 
an average rate per hundredweight for each depot-to-customer 
link. 


Mode 

Rate Category 

Percent 

Truck Load 

10000 TO 20000 lbs 

32.95 

Less Than Truckload 

0 to 5000 lbs 

42.94 

Air Freight/Air 
Express 

UPS Next Day Air 

2.72 

Local Delivery/Rail 

400k to 999k 

12.07 

Surface Parcel Post 

UPS Surface Parcel 
Post 

8.38 

First Class Mail 
MAC/QUICKTRANS 

UPS Second Day Air 

0.94 


E. DEPOT AGGREGATIONS 

This study includes the major depots examined by the 
DODMDS study with the addition of Naval Supply Centers in 
Charleston, Pensacola, and Puget Sound. In 1992, DLA used a 
number of secondary storage facilities which were subsequently 
closed. The secondary sites shown in Table 3.5 have been 
aggregated herein with the major depots based on proximity. 
With the exception of those depots identified for closure in 
1993 under BRAC (Charleston, Oakland, and Pensacola) (BRAC 
[1993]), the major depots identified in Table 3.5 are the 
remaining facilities subject to the next base closure 
examination. Collocated depots (such as Tracy and Sharpe) are 
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Table 3.5: This table provides a listing of the major depots 
and the aggregation process this study uses to combine the 
secondary storage sites with the major depots. Depots that are 
annotated with an asterisk are slated for closure under BRAC 




se' 

BOnOSODIRT 



lECHAMCSBURa 

DobuCxkxN- 

T^hanna. pa- 

SACRAMENTO. CA 

BAR5T0WCA- 

23512 

NJUNJZ ^wiLA?A19112 

-^l^1^La^6R6YON.0t 06430 

PEZ-uSs EL TORO UNTA ANA CA UTOS- 

OBIT I|^PN0RP6LK.VA3U12 

NR- 

gi«I.E8TON,SC 

QHZ k^Lfi^ON. SC 29406 


M.aAWV.flA - 

NSYWA 96314 


Z 

DEPOT. PA 17201 



MPOrTEXARW^. 

Wedr« «po e«r«h., * »0 


HILLAF8UTM0* 

IT4 ITOOLEARMV depot. UT *4674 .. 


o,™cTyoK 






48C PENSACOLA. FL 



KCS CHERRY PT.NC 






CORPUS CmiSTl.TX 

PCZ MMY DEPOT CORPUS CHRlSTI. TX 76429 
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maintained as separate entities. Figure 3.3 provides the 
relative locations of the 28 major depots. 



Figure 3.3: The relative location of the 28 major depots where 
secondary storage facilities are aggregated with the major 
depots based on location proximity. 
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IV. COHPUTATIOHAL EXPERIENCE 


This chapter contains detailed information on test data, 
scenarios tested, and solutions obtained using SAILS. 

A. DATABASE 

1. TRANSACTION FILE 

The Material Release Order files for fiscal year 1992 
are obtained from the Defense Operations Research Office 
(DORO) in Richmond, Virginia. Using the SAS software package 
(SAS Institute Inc [1990]) on an AMDAHL 5995-700A mainframe, 
data from the Material Release Order files are summarized and 
manipulated into a transaction file (which is customer demand 
data) in the correct format for SAILS model input. Initially, 
the Material Release Order file is comprised of approximately 
17 million records. After extracting those requisitions 
created during the base year and removing erroneous records, 
a transaction file comprised of 15.8 million material 
shipments and totalling 1.032 billion pounds is created. 

Due to the size of this transaction file, product 
aggregation is accoitplished outside the SAILS model. Four 
separate transaction files representing each of the product 
aggregation schemes detailed in Chapter 3 is created for input 
into SAILS. These files are formatted in the outbound 
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transaction file format (TF4)(INSIGHT Inc., SAILS users Manual 
[1993]) required for input into the SAILS model as depicted in 
Table 4.1. To limit the size of the input file herein, 
shipment date information is not retained. As a result, all 
transactions for the period examined are assumed to be 
processed on Julian date 92001. This process can 

underestimate total transportation costs as the model develops 
transportation rates based on the shipment profile depicted in 
Table 3.4. 

Table 4.1: SAILS Outbound Transaction File Data Elements. 
Four separate transaction files representing each of the 
alternate product aggregation schemes is created for input 
into SAILS. 


Data Element 

DESCRIPTION 

Customer Class 

shipment mode information 

Customer Aggregation 
Code 

three-digit customer zip 
code 

Stock Code 

aggregate product number 

Quantity 

total number of 
transactions 

Original DC code 

3-character Depot Code 

Julian Date 

92001 (total annual demand) 

Extended Weight 

total weight shipped for 
that aggregate product, 
depot-to-customer link 
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The transaction file is sorted and summarized by aggregate 
product number, three-digit customer zip code, depot, and 
shipment mode. The total weight shipped for each aggregate 
product and depot-to-customer link is calculated by 
multiplying the total number of transactions for that link by 
the mean extended weight (an average calculated by multiplying 
requisition quantity times unit weight). File sizes for the 
four transaction files are provided in Table 4.2. 

Table 4.2: Four different Outbound Transaction Files are 
generated based on the alternate product aggregation schemes 
employed. This table details the total number of transactions 
and file sizes for each of these files. 


Product 

Aggregation 

Scheme 

Total # of 
Aggregate 
Transactions 

File Size 

(megabytes) 

"29" 

309,300 

36.2 

H 44 .. 

360,497 

42.2 

"49" 

464,955 

54.4 

" 67 “ 

388,001 

1 


2. FACILITIES 

Cost and throughput capacity information for the 
distribution depots identified in previous sections are 
developed based on information provided by DORO and DLA 
Headquarters. Estimates of depot fixed and variable costs 
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are based on information provided by DORO and are listed in 
Table 4.3. This information represents fiscal year 1989 
estimates of depot costs. Since these figures are estimates, 
no attempt to convert these costs to fiscal year 1992 is 
considered. Fixed costs are explicitly expressed and are 
input into the model to the nearest hundred thousand dollars. 
Cost information for Marine Corps facilities at Barstow, 
Albany, and Cherry Point are not provided. Fixed costs for 
these facilities are estimated at ten million dollars. 

Variable costs provided by. IX1E0 axe. i n uni t cost per 
transaction. Because all transactions in the SAILS model are 
based on CWT, conversion is required. This study finds an 
estimated average weight per transaction and multiplies this 
figure by the number of transactions processed by each depot 
as a rough estimate of total weight processed by the depot. 
The variable cost per CWT is then determined by dividing the 
total variable cost for that depot by the total CWT processed. 
Both depot fixed and variable costs are provided in Table 4.3. 

Depot throughput capacity is calculated based on 
estimates provided by DLA headquarters. These estimates are 
based on the number of transactions a facility could handle in 
a day at peak capacity. Since all model calculations are 
based on CWT, conversion to the amount of CWT each facility 
could handle is required. Additionally, these calculations 
need to be annualized. The conversion process is similar to 
the variable cost calculation where an average weight per 
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transaction is estimated. This average is multiplied by the 
maximum number of transactions the facility could handle daily 
and a conservative estimate of the number of work days in a 
year (250): Only 250/365 (68 percent). The resulting 
throughput capacity is shown in Table 4.3. Because of the 
close proximity of Mechanicsburg and New Cumberland, DLA 
Headquarters expresses their throughput capacity as one total 
which this study splits in half and reports for each facility 
separately. This situation also exists for Sharpe and Tracy 
on the West coast. 


Table 4.3: The depot fixed and variable costs and throughput 
for FY 92 used in the SAILS model. 


Depot 

Fixed 

Cost 

(000) 

Variable 

Cost per CWT 

Model Throughput || 

(million pounds) 





Memphis 

31200 

11.9934 

310 

Mechanicsburg 

24700 

10.1335 

510 

Tracy 

30200 

11.9571 

290 

Ogden 

18200 

2.5868 

380 

Richmond 

21200 

10.6428 

230 

Letterkenny 

15000 

43.16498 

50 

New Cumberland 

22700 

26.8313 

510 

Anniston 

8000 

45.666 

40 

Sharpe 

14600 

39.0389 

290 

Tobyhanna 

5400 

45.0523 

37 

Red River 

17900 

36.2445 

140 

Corpus Christi 

2400 

21.7966 

50 

Oakland 

19000 

12.8446 

67 

San Diego 

15100 

9.1073 

160 

Puget Sound 

6800 

12.3212 

60 

Norfolk 

28700 

13.325 

210 

Charleston 

8200 

9.8786 

170 

Jacksonville 

6800 

9.7052 

64 

Pensacola 

6000 

9.2826 

60 

McClellan AFB 

13000 

30.3438 

97 

San Antonio 

15200 

27.1729 

150 

Tinker AFB 

16500 

21.7179 

70 

Hal AFB 

9800 

22.0196 

170 

Warner Robbins 

13700 

24.8766 

140 

Cherry Point 

10000 

10.00 

40 

Barstow 

10000 

10.00 

17 

Albany 

10000 

10.00 

16 
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RUN DESCRIPTIONS 


The SAILS model is run under Windows NT on a 586 66MHz 
personal computer with 261 megabytes of extended memory and 
one gigabyte of disk space. with the smaller models (less 
than 49 products and 113 customers), SAILS requires about 125 
megabytes of extended memory to operate. The maximum level of 
extended memory required is 225 megabytes occurring with 199 
customer aggregations. 

The approach here is to systematically reduce throughput 
capacity across all depots to examine the effects these 
reductions have on total costs and the recommended depot 
closures. Five separate versions of the model are run for 
each of the aggregation schemes at full depot throughput 
capacity, and at 90%, 80%, 50% , and 30% of that capacity. 
Additionally, the throughput capacity violation penalty 
(available in the SAILS model) is maintained at a high level 
to ensure no capacity violations within a depot. 

Recall that DLA subsistence items which account for 
approximately 25 percent of total demand weight are not 
directly modeled in this thesis. The subsistence demand 
weight is indirectly modeled by using a conservative estimate 
of depot throughput capacity where a 250 day work year is used 
instead of a 365 day work year (possible during peak periods) . 

Runs are accomplished under the four alternate product 
aggregation schemes, with 113-customer aggregations, and at 
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the five alternate depot throughput capacity levels. To 
determine the effects of a different customer aggregations, 
additional runs are accomplished with a 199-customer 
aggregation, 29-aggregate products scheme and at five 
alternate depot throughput capacity levels. 

Within SAILS, the ability exists to specify a maximum 
distance between depot and customer. For all runs with the 
exception of one test case, this distance is set at the 
default setting of 7500 miles - essentially unrestricted. 

C. RESULTS 

Table 4.4 provides the number of variables and constraints 
for the different models. Intuitively, it would be 
reasonable for the number of variables to increase as the 
number of aggregate products increases, but this is not always 
the case. Recall that the 67-aggregate product scheme is 
created by aggregating products by the two-digit product 
group. The 44- and 29-aggregate product schemes are simply 
further aggregations of the 67-aggregate product scheme. 
Table 4.4 shows that different aggregation schemes for the 44- 
and 29-aggregate product schemes create different depot-to- 
customer grouping combinations. Recall that the approach is 
slightly different for the 49-aggregate product scheme: 
Aggregate products are created around those FSC's which 
experience significant demand. This accounts for the higher 
number of variables. By expanding the number of customer 
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aggregations, both the number of constraints and variables 
increases dramatically as expected. 


Table 4.4: Five versions of a model depicting the DLA 
distribution system are created in SAILS based on different 
product and customer aggregation schemes. This table describes 
the number of constraints and variables for each of these 
SAILS models. By expanding the number of customer 
aggregations, both the number of constraints and variables 
increases dramatically as expected. 


Aggregate 

Products 

Customer 

Aggregations 

Constraints 

Variables 

29 

113 

3,308 

78,971 

44 

113 

3,308 

74,708 

49 

113 

3,308 

80,132 

67 

113 

3,308 

67,609 

29 

199 

5,802 

132,777 


The SAILS model develops an optimal strategic distribution 
network (i.e., determines optimal depot locations for a 
network operating over a long time-frame) as opposed to a 
tactical or operational plan. As part of this strategic 
modeling, SAILS sole-sources aggregate products to a specific 
depot. SAILS creates two reports to help show the effect of 
sole-sourcing. The accounting baseline reports the tactical 
statistics on actual day-to-day operations and the model 
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baseline reports the same statistics prior to optimization 
where aggregate products are sole-sourced to a specific depot. 

Table 4.5 summarizes accounting baseline (actual depot-to- 
customer shipments by “product bundle" - an aggregate product 
before sole-sourcing), model baseline (depot-to-customer 
shipments after sole-sourcing or assignment of an aggregated 
product group to a specific depot) and the optimal solution 
for the 29-aggregate products, 113-customer aggregation, full- 
capacity model. Comparisons between the baseline and depot 
capacities reveal that Albany is the only depot which exceeds 
calculated capacity (this deviation is only 29,000 CWT; a 
minimal amount in comparison to total weight shipped). Test 
runs show that increasing Albany's throughput capacity by this 
amount has no effect on solutions. 

Figures 4.1 and 4.2 graphically depict depot throughput 
capacity, accounting baseline, and model baseline for the 29- 
aggregate products, 113-customer aggregation, full capacity 
model. Apparent in these graphs and in Table 4.5 is the fact 
that the depots are not operating at or even near full 
capacity. 
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Table 4.5: FY 1992 Transaction Files show by depot the 
accounting baseline (actual depot-to-customer weight shipped,), 
the model baseline (depot-to-customer shipment weight after 
the aggregate product has been sole-sourced to a specific 
depot), and the optimal solution for the 29-aggregate product, 
113-customer aggregation SAILS model. 


Depots 

Depot 

Code 

Model 

Throughput 

(cwt) 

Model 
Baseline 
Weight (cwt) 

Accounting 
Baseline 
Weight (cwt) 

Optimal 
Solution 
Weight (cwt) 

Sharpe AD 

AQ 

2900000 

45352 

141866 

0 

San Joaq/Tracy 

SB 

2900000 

2334277 

1877995 

0 

Memphis 

SM 

3100000 

2038131 

2292073 

0 

Mech 

SA 

5100000 

1548063 

1574424 

4521065 

Columbus 

SC 

1500000 

684681 

647122 

0 

Ogden 

SU 

3800000 

986238 

1228332 

3778513 

Tobyhanna 

BY 

370000 

96 

3844 

0 

San Antonio 

FP 

1500000 

8775 

31988 

0 

Richmond 

SR 

2300000 

1637899 

1311861 

0 

Oakland 

NO 

670000 

312544 

262013 

0 

McClellan AFB 

FF 

970000 

0 

5796 

0 

San Diego 

ND 

1600000 

51429 

64716 

0 

Barstow 

MV 

170000 

11731 

13104 

0 

Jacksonville 

NB 

640000 

137365 

115344 

639065 

Norfolk 

NN 

2100000 

4294 

20577 

0 

Charleston 

NR 

1700000 

0 

8163 

0 

Anniston AD 

BA 

400000 

33 

9024 

0 

Albany 

MA 

160000 

220204 

189139 

0 

Puget-Bremerton 

NU 

600000 

52 

13343 

422699 

Letterkenny 

BK 

500000 

16949 

21409 

0 

Red River 

BR 

1400000 

55663 

112362 

0 

Hill AFB 

FG 

1700000 

4275 

16279 

562752 

Tinker AFB 

FH 

700000 

41933 

35435 

0 

Warner Robbins AFB 

FL 

1400000 

202 

5893 

0 

NSC Pensacola 

NA 

600000 

0 

1691 

0 

MCS Cherry Pt 

PT 

400000 

1910 

2273 

0 

New Cumberland 

SN 

5100000 

179007 

314294 

0 

Corpus ChristI 

B5 

500000 

39 

782 

397003 

Dummy Dist 


0 

0 

0 

0 
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1 ACCOUNTING BASELINE 



Figure 4.1: FY 92 Comparison of the depot throughput capacity 
to actual throughput for the 29-aggregate product, 113- 
customer aggregation SAILS model. For example, Mechanicsburg 
(depot code SA) has an estimated throughput capacity over five 
million CWT but has actual throughput of less than two million 
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Figure 4.2: Comparison of the depot throughput capacity to 
baseline model throughput for the 29-aggregate product, 113- 
customer aggregation SAILS model. When compared to the 
accounting baseline this shows the minimal effect sole¬ 
sourcing aggregate products has on individual depot capacity 
utilization. 
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As depot throughput capacities are reduced, this 
restriction should increase total costs. Figure 4.3 shows 
that, as expected, throughput capacity is reduced and total 
operating costs increase. 

Table 4.6 summarizes costs for accounting baseline, model 
baseline, and the optimal solution. Significant cost savings 
are suggested: Modeled savings total over 300 million dollars. 
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Figure 4.3: Depicts the total operating costs for each of the 
five depot throughput capacities examined for the 29-aggregate 
products, 113-customer aggregation SAILS model. 


TOTAL costs] 



Table 4.6: Cost Summarization for the 29-aggregate products, 
113-customer aggregation SAILS model. 


Costs 

Accounting 

Baseline 

Model 

Baseline 

Optimal 

Fixed Costs 

418,200 

391,000 

68,700 

Variable Costs 

119,550 

114,777 

87,990 

Capacity Viol 

291,385 

621,511 


Replenishment 

10,092 

10,756 

12,470 

Outbound 

408,202 

342,182 

353,999 

Total (exc1uding 

1 penalty) 

956,044 

858,715 

523,159 
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For purposes of this study, the solution gap (the 
difference between a bound on the best possible solutions and 
the best solution obtained) is three percent or less of total 
costs. A detailed discussion of each model run is presented 
in the following paragraphs. 

Results of the runs accomplished at full depot capacity 
are presented in Table 4.7. The solutions for the 29-, 44-, 
and 49-aggregate product schemes are indistinguishable: Total 
costs differ by only $30,000 between the different versions 
and the recommended depot closures are identical. The total 
costs for the 67-aggregate products are slightly higher, but 
within the reguired solution gap. More importantly, the 
recommended depot openings differ by one facility. Unlike 
alternate solutions, this solution recommends that San Diego 
remain open instead of Puget. Table 4.7 shows that if the 
common configuration from the 29-, 44-, and 49-aggregate 
products model is fixed in the 67-aggregate product model, a 
smaller solution gap results. This shows that a number of 
alternate DLA depot configurations are realizable, all with 
comparable cost savings. 

Table 4.8 presents results obtained when all depots are 
only allowed 90 percent of their estimated throughput 
capacity. As expected, total costs for the 29-aggregate 
product model are higher than at full capacity. 
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Table 4.7; Solutions to the full capacity model with 113- 
customer aggregation. Alternate product aggregations produce 
the same depot closure decisions. The solution gap represents 
the difference between a bound on the best possible solution 
and the best solution obtained. 


Aggregate 

Products 

Remarks 

Run 

Times (min) 

Total 

Costs (000) 

Soln 

Gap 

Number of 

Open Depots 

Open Depots | 



s§ 

■^23,15§ 

10 

6 

Mech/ Ogden/ Jax/ 
Puget/ Hill/ Corpus 

44 


27 

523,191 

5.225 

6 

Mech/ Ogden/ Jax/ 

Puget/ Hill/ Corpus 

49 


36 

523,161 

10 

6 

Mech/ Ogden/ Jax/ 
Puget/ Hill/ Corpus 

67 


44 

525,329 

10 

6 

Mech/ Ogden/ San 
Diego/Jax/ Hill/ 
Corpus 

67 

Locked all depots 
closed except 6 open in 
the 29-aggregate 
products solution 

25 

523,223 

7.894 

6 

Mech/ Ogden/ Jax/ 
Puget/ Hill/ Corpus 


Table 4.8: Solutions to the 90 percent capacity model with 
113-customer aggregation. Alternate product aggregations 
produce the same depots closure decisions. Solution gap 
represents the difference between a bound on the best possible 
solution and the best solution obtained. 


Aggregate 


Times (min) 

Costs ((XX)) 

Soln 

Gap 

Number of 
Open Depots 

Open Depots 

29 


S/ 

524,^ 

11 

5 

Mech/ Ogden/ San Diego 

Jax/ Hill 

29 

Locked open depot 
solution from the full 
capacity run 

31 

525,985 

12 


Mech/ Ogden/ San Diego 

Jax/Puget/ Hill/Corpus 

44 


35 

525,051 

1.256 


Mech/ Ogden/ San Diego 

Jax/ Hill 

49 


5/ 

526,512 

2.71468 


Mech/ Ogden/ San Diego 

Jax/ Hill 

67 


37 

526,018 

10 


Mech/ Ogden/ San Diego 

Jax/ Puget/ Mill 

67 

Locked all depots 

closed except 5 open in 
the 29-aggregate 
product solution 

28 

524,884 

B.886 

5 

Mech/ Ogden/ San Diego 

Jax/ Hill 
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A reduction in the number of open depots is apparent when 
comparing the full and 90 percent capacity versions: San 
Diego, a larger depot, replaces both Puget and Corpus Christi. 
Because total throughput capacity available at both Puget and 
Corpus Christi is less than that available at San Diego, this 
alternative is a viable one. 

When the solution for recommended depot closures from the 
full capacity run is established in the 90 percent capacity 
version, both the recommended number of open depots and total 
costs increase as expected. However, both solutions are 
within the required solution gap reinforcing the idea that a 
number of alternate solutions is possible. 

In the 90 percent capacity model, the recommended depot 
configuration for 67-aggregate product version differs from 
the others. In this version, Puget remains open which results 
in six total depots remaining open as opposed to five from the 
other versions. As the depot configuration from the others is 
established in the 67-aggregate product model, total costs 
and the solution gap are less than the previous version. 

With 80 percent capacity, total operating costs are 
expected to increase. Table 4.9 shows that all versions 
result in these cost increases and that depot configurations 
are varied among the different models: 29- and 67-aggregate 
product versions agree with low solution gaps and the 44- and 
49-aggregate product versions agree with slightly higher 
solution gaps. When the depot configuration from the 29- 
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aggregate product version is fixed in the 44- and 49-aggregate 
product models, solution gaps increase. Solution gaps from 
these subsequent runs are still within study requirements and 
therefore represent viable alternate solutions. 

At 50 percent capacity, the restricted models become much 
more difficult to solve and the results vary. Solution gaps 
are higher than three percent of total costs and attempts to 
reduce them result in run times in excess of four hours. 
Furthermore, attempts with all models to "lock in" the 29- 
aggregate product solution for comparison purposes also result 
in long run times. The results provided in Table 4.10 
reflect solutions that are within solution gaps of less than 
five percent. 
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Table 4.9: Alternate solutions to the 80 percent capacity 
model with 113-customer aggregation. Alternate product 
aggregations produce the same depot closure decisions. 


Aggregate 

Products 

Remarks 

Times (min) 

Total 

Costs (000) 

§oln 

Gap 

Number Of 

Ooen Depots 

Open Depots 

29 


129 

532,002 

2.^ 

7 

Mech/ Ogden/ San Diego 
Jax/ Puget/ Hill/ Corpus 

44 


82 

532,495 

10 

5 

San Joaq/ Mech/ Ogden 
Jax( Corpus 

44 

Locked open 7 depots 
from the 29-aggregate 
products solution 

49 

535,251 

12.756 

7 

Mech/ Ogden/ San Diego 
Jax/ Puget/ Hill/ Corpus 

49 


73 

535,278 

10 

5 

San Joaq/ Mech/ Ogden 
Jax/ Puget 

49 

Locked open 7 depots 
from the 29-aggregate 
products solution 

30 

535,347 

12,94053 

7 

Mech/ Ogden/ San Diego 
Jax/ Puget/ Hill/ Corpus 

67 


80 

531,874 

2.48 

7 

Mech/ Ogden/ San Diego 

Jax/ Puget/ Hill/ Corpus 


Table 4.10: Solutions to 50 percent capacity model with 113- 
customer aggregation. Run times in excess of four hours are 
experienced when attempting to remain within the three percent 
solution gap. Although depot closure recommendations are not 
uniform among all models, six common depots are recommended to 
remain open. 


1 Aggregate 

1 Products 

Run 

Times (min) 

Total 

Costs (000) 

Soln 

Gap 

Number of 
Open Depots 

Open Depots 

id 

54 

622.512 

28 

9 

San Joaq/ Memphis/ Mech 

Columbus/ Ogden/ San Antonio 
Richmond/ San Diego/ Barstow 

44 


601,640 

20 

9 

San Joaq/ Memphis/ Mech 

Columbus/ Ogden/ Richmond 
San Diego/ Jax/ Puget 

49 

59 

611,568 

25 

11 

San Joaq/ Memphis/ Mech 
Ogden/ Richmond 

San Diego/ Barstow/Jax/ Puget 
HiB/Cherry Pt 

67 

37 

636,576 

30 

12 

San Joaq/ Memphis/ Mech 
Columbus/ Ogden/ Richmond 
San Diego/Jax//Ubany 
Puget/Tinker/ Cherry Pt 
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Run times for the 30 percent capacity models are 
excessive. Results are obtained for the 44-, 49-, and 67- 
aggregate product models, but not within the required solution 
gap {three percent of total costs). As shown in Table 4.11, 
a successful run is attained for the 29-aggregate product 
version, but requires over eight hours of run time. An 
interesting situation occurs at the 30 percent capacity levels 
for all versions of the model: Hill is forced into the 
solution. Regardless of the throughput violation penalty 
setting. Hill consistently exceeds capacity by 53,000 CWT. 
Therefore, to achieve any results, the throughput capacity for 
Hill is increased by 53,000 CWT. 


Table 4.11: Solutions to the 30 percent capacity model with 
113-customer aggregation. Run times in excess of eight hours 
are experienced when attempting to remain within the three 
percent solution gap. All aggregations report some depot 
closures and four common depot closures are recommended 
regardless of which model is used. 


Aggregate 

Products 

Times tmin) 

Total 

Costs (000) 

Soln 

Gap 

Number of 
Open Depots 

Closed Depots 

29 

511 

730,515 

10.12137 

16 

Tobyhanna / McClellan / Barstow 

Norfolk / Anniston / Albany / Letterkenny 
Tinker / Cherry Point 

44 

28 

792,601 

50 

19 

Tobyhanna / McClellan / Anniston 

Letterkenny / Red River / Corpus Christ! 

49 

68 

792,845 

45 

19 

Tobyhanna / McClellan / Anniston 
Letterkenny / Red River / Corpus Christ! 

67 

29 

777,775 

50 

17 

Tobyhanna / McClellan / Anniston 

Albany / Letterkenny / Red River / Cherry 
Point / Corpus Christi 
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A 29-aggregate product, 199-customer aggregation model has 
been created to determine the effect additional customer zones 
have on total costs. Recall that numerous studies report a 
decrease in transportation costing errors when the number of 
customers is increased. Results from this model are compared 
to the solutions from the 29-aggregate product, 199-customer 
aggregation model. At full capacity, no real difference is 
noted as the same six depots remain open and total costs are 
near equivalent. Results from the 90, 80, 50, and 30 percent 
depot throughput capacity models for this version differ from 
those of the 29-aggregate product, 113-customer aggregation 
version. Additional runs have been required where the 
solution for 29-aggregate product , 113-customer aggregation 
model is fixed in these subsequent models. Table 4.12 shows 
that these additional runs provide equivalent or lower 
solution gaps. Based on these results, additional customer 
zones would not result in increased detail or significant 
differences in total operating costs. 

All model versions up to this point have not restricted 
the maximum distance between depot and customer. As this 
distance is limited, more depots may be required to satisfy 
customer demand or the solution may retain high cost and less 
efficient facilities just to meet this restriction. These 
additional facilities improve delivery times and customer 
service yet increase total operating costs. With recent 
improvements in transportation services, delivery times have 
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been improved significantly. Therefore, the additional cost 
to retain depots to maintain customer service levels may not 
be warranted under current conditions. This study ran a model 
with the depot to customer distance restricted to 1000 miles 
for the 29-aggregate products, 113-customer aggregation, full 
capacity model. Table 4.13 compares the results between the 
restricted and unrestricted versions. 


Table 4.12: Solutions for the 29-aggregate products, 199- 
customer aggregation model demonstrate that different customer 
aggregations produce essentially the same depot closure 
decisions. 


IIDtpot Thruput 
1 Capacity % 

R*™** 

Run 

Times (min) 

Tael 

Costs (000) 

Gap 

Ocen OoDcts 

opatoepou 



hi 

Ki.ise 

iO 


Meeh/ Ogdon) Jax 

Puget) Hill) Corpus 

90 


132 

524.600 


6 

Mach/ Ogden/ San Diego 

Jax/ HHI/Corpus 


Locked open tha depot 

solution from the 29.eggregate 
products 90 % capacity lun 

63 

524.893 

11.294 

5 

Mech/ Ogden/ San Diego 

Jax/ Hill 

80 


,T3 

533,751 

10 

5 

San Joaq / Mach / Ogden 

80 

Locked open the depot 

solution from the 29-aggragate 
products SOS capacity run 


533,521 

9.77 


Moch) Ogdon) San Ditgo 

Jax) Puget) Hill) Corpus 




634,831 

30 


San Joeq / MemphiV Mech 

Columbus / Ogden / Richmond 
San Diego / Barstow / Albany 
Jax / Hill / Cherry Point 


Locktd open ttie depot 

solution from the 29-aggregate 
products 50% capacity run 

29 

631.901 

27.07 


San Joaq / Memphis/ Mech 

Columbus / Ogden 1 San Arrtonio 
Richmond / San Diego / Barstow 

30 



792,591 


20 

all open except Tobyhanne 
McClellan / ))nnislon 
Lettarkenny) Red River 

30 

Locked open the depot 

products 30% capacity run 

36 

777,594 

25 

16 

all open except Tobyhanna 

McCleHan / Barstowtr / Norfolk 
Anniston / Albany / Latt^enny 
Tinkw / Cherry Point 
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When this distance is restricted, total operating costs rise: 
The increase is the result of retaining higher-cost facilities 
sufficiently close to "reach" customers. Figure 4.4 shows 
that a small percentage of total demand is satisfied beyond a 
1,000 mile range even when there is no range restriction: This 
implies that there should not be a significant change in 
outbound costs as range is restricted to 1,000 miles which is 
the case. 

An additional run is made with a 300-mile limitation to 
determine the effects on total costs and the number of 
recommended depots remaining open. As expected total costs 
increase dramatically and the number of open depots increases 
to 16. In this solution, both capacity violation penalties 
and lost demand penalties (where it is more economical to not 
satisfy certain levels of customer demand) are incurred. 
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Table 4.13: Two models are created where the maximum distance 
between depot and customer is set at 7500 miles (unrestricted) 
and 1000 miles (restricted). This table shows that cost for 
the two models only varies slightly. 


!-i 

i- 

Fixed 

Costs 

Variable 

Costs 

Replenisment 

Costs 

Outbound 

Costs 

Total 

Costs 

“P“" 

Restricted 

1000 mile limit 

83200 

105925 

10659 

354993 

554777 

Sharpe / Mech / Ogden 

Jax/Tinker/Corpus 

Unrestricted 

7500 mile limit 

68700 

87990 

12470 

353999 

523159 

Mech / Ogden / Jax 
Puget / Hill / Corpus 


1 Service Range Comparison | 

0.3 r---- 



0 - 50 100 250 500 750 1000 1500 2000 

Mileage 


Figure 4.4: Two models are created where the maximum distance 
between depot and customer is either 7500 miles (unrestricted) 
and 1,000 miles (restricted). This histogram presents the 
percentage of customer demand satisfied at the various depot 
to customer distances. Because most demand is satisfied 
within the 1,000 mile range even when range is unrestricted, 
there is not a significant increase in total costs. 
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V. COHCLOSIONS AND RECOMMENDATIONS 
A. CONCLUSIONS 

This thesis shows how the Defense Logistics Agency (DLA) 
can save over 300 million dollars annually through depot 
closure and reorganization. This conclusion comes from 
extensive analysis of DLA's distribution network using the 
SAILS model. This thesis derives a 29-product, 113-customer 
aggregation scheme which renders a SAILS model of DLA that is 
easy to use and retains essential fidelity. Extensive 
comparisons between this aggregation scheme and others (44-, 
49-, and 67-product; and 199- and 113-customer aggregations) 
at depot throughput capacities of 100, 90, 80, 50, and 30 

percent of remaining capacity show that: 

DLA depots currently have excess throughput capacity 
available; and 

• alternate solutions are possible under the current DLA 
distribution network. 

A discussion of each of these points is presented in the 
following paragraphs. 

DLA depots currently have excess capacity. Even when 
customer service range is restricted to 1,000 miles from the 
supplying depot, significant cost reductions in distribution 
network costs can be achieved without a corresponding decrease 
in customer service levels. 
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Results from the different aggregation schemes show that 
alternate solutions are possible at about the same cost level. 
As the solution from the recommended model version is fixed in 
those models which deviate from the 29-product, 113-customer 
aggregation version equivalent solutions are obtained. For 
this reason and the fact that the smaller version results in 
responsive SAILS execution, the 29-product, 113-customer 
aggregation model is recommended to model the DLA distribution 
network. 

Recall that a customer service restriction where the 
maximum distance between depot and customer is restricted to 
1000 miles led to an increase in total operating costs of over 
30 million dollars. As this distance is limited, more depots 
may be required to satisfy customer demand or the solution may 
retain high cost and less efficient facilities just to meet 
this restriction. This study contends that with recent 
improvements in transportation services and delivery times no 
significant improvement in customer service is obtainable by 
ensuring depots are located "close" to or even collocated 
with all customers. 

B. RECOMMENDATIONS 

Though the personal computer version of the SAILS model 
used in this study accommodates a large transaction file, 
certain aspects of model setup should still be performed 
outside SAILS . Because SAILS does not possess all of the 


59 





rate structures for modes used by DOD, this study recommends 
that transportation rates for each product aggregation, depot, 
and customer link be developed outside the model and provided 
as user-defined values. Because of the limited nature of this 
study and the lack of readily available data, this approach 
has not been feasible. 

DLA depots currently have excess capacity. Depot closure 
and reorganization is inevitable under declining Defense 
budgets. This thesis has demonstrated the flexibility of the 
SAILS model and its usefulness as a tool to make these closure 
decisions. Though major concerns exist within DLA about data 
aggregation, this thesis has shown that data aggregation does 
not lead to significant modeling discrepancies within SAILS. 
The 29-aggregate product, 113-customer aggregation model is 
the means to model DLA's distribution network and SAILS is the 
tool to make these depot closure decisions. 
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APPENDIX A 


The following mathematical formulation is the general form of 
the SAILS model: 

MODEL FORMPLATION 

Indices 

i Products (aggregated groups of National Stock Numbers) 

V Suppliers (aggregated supplier regions) 
d Distribution depots 

c Customers (aggregated customer regions) 


Data 

SUPiv Supplies of each product by supplier 

BUY^ V Cost of each product by supplier 

INBi v,d Inbound transportation cost per product unit,by 
vendor/depot 

VC ST if, Variable handling cost by product/depot 

FCSTf, Fixed cost of operating the depot 

BRDNj Burden rate per product unit by depot 

LCAPfj Lower/Upper capacity of depot (in burden units) 
UCAP,.] 


OUTBifif, Outbound transportation cost per product unit, by 
depot/customer 

OUTBDjvc Outbound transportation cost by product from vendor 
to customer 

DEM, - Demand by product/customer 
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VARIABLES 


Xi „,d Inbound flows by product from supplier to depot 
Yj c Outbound flows by product from depot to customer 
Z,.j Binary variable to open/close depot 

Qi ,3 ,, Binary variable for sole sourcing by product/depot to 
customer 

Pi y ,, Plant direct shipments by product from supplier to 
customer 


FORMULATION 


MIN 


Si 


^^BUYi^ + 
XalFCST^Z, 


+ VCSTij)Xivd 

a ) + live (BUYi^ + 


+ Side 

OUTBDi, 


(OUTBidcyidc) + 

VC ) Five 


subj to 


1) SaXivd + Sr^Pivc ^ SUPPLYi^ V i,v 

2) SdYidc + SvPivc S DEMi,, V i,c 


3) Ii^(BRDNi,.,Xiv,-,) ^ UCAPjZa V d 

Si^(BRDNiaXi^a) ^ '^‘2AP^Za V d 


4) la(FCSTaZa) ^ BUDGET 


5) Qi,ic ^ Z,-, V i,d,c 

6) IvXivd S SrYidc V i,d 

7) Yia,, < DEMi_^ Qiac V i,d,c 

SiQidc = 1 V i,c 
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CONSTRAINT EXPLANATION 

1) Demand can not exceed supplier's capacity. 

2) All customer demand must be met. 

3) For each depot, throughput must not exceed depot capacity. 
Since handling of appregate products is not uniform, a 
burden rate is determined for each aggregate product. 

4) The fixed cost of operating depots must remain within 
budgetary constraints. 

5) This constraint ensures that "sole sourcing" a customer 
zone assignments can only be made to open depots. 

6) This is the flow balance constraint. 

7) Customers are sole sourced for each product to a specific 
depot. 
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APPENDIX B 


Table B1. Represents the sixty-eight FSC product groupings managed by DLA 


FSC F^RODUCt 
GROUP 

DESCRIPTION 

FSC PRODUCT 
GROUP 

DESCRIPTION 

10 

/Veapons 




2 

Fire Control Equip 

54 

Prefabricated Structures & Scaffolding 


4 

Sukted Missiles Equip 


Lumber. Millwork, Plywood, & Veneer 


5 

Acft & Airframe Structural Comps 

56 

Construcbon & Building Materials 


6 

Acft Comps & Accessories 

58 

Communication Equip 


7 

Acft Launcing. Ldq.&Gnd Handling 

59 

Electrical & Electronic Equip/Comp 

20 

Ship & Marine Equip 


Fiber Optics Matis. Comps, Assys 

22 

Railway Equip 

61 

Electric Wire & Power & Dist 

24 

Tractors 

62 

Lighting Fixtures & Lamps 

25 

Vehicular Equip Components 

63 

Alarm & Signal Systems 

26 

Tires 

65 

Medical. Dental. & Veterinary Equip 

28 

Engirres, Turbines, & Comps 

66 

Instruments & Laboratory Equip 

30 

Mechanical Power Transmission 

68 

Chemicals & Chemical Products 

31 


69 

Training Aids & Devices 

32 

Woodworking Machinery & Equip 

70 

General Purpose ADPE, Software 

34 

Metalworking Machinery 



35 

Service & Trade Equip 

72 

Household & ComI Furnishings 

36 

Special Industry Machinery 

73 

Food Preparation & Serving Equip 

37 

AgricuKural Machinery & Equip 

74 

Office Machines, Visible Record Equip 

38 

Construction, Mining, Excavating 


Office Supplies & Devices 

39 

Materials Handling Equip 

76 

Books. Maps. & Other Publications 

40 

Rope, Cable, Chain, & Fittings 

79 

Cleaning Equip & Supplies 


Refriaeration & Air Cond Equip 


Brushes, Paints, Sealers, & Adhesives 

42 

Fire FigNing, Rescue & Safety Equip 

81 

Containers. Packaging. & Packing Supplies 

43 

Pumps & Compressors 

83 

Textiles.Leather.Furs, Notions, Yam, Tents 

44 

Furnace, Steam, Plant, Drying Equip 

84 

Clothing & Individual Equip 


Plumbing. Heating, & Sanitation Equip 



46 

Water Purification & Sewage Treat 

tsr 

SubsisterKe 

47 

Pipe, Tube. & Hose 

91 

Fuels. Lubricants. Oils. & Waxes 

46 

Valves 

93 

Nonmetallic Fabricated Materials 

49 

Maintenance & Repair Shop Equip 

95 

Metal Bars, Sheets & Shapes 

51 

Hand Tools 


Ores, Minerals, & their Primary Products 

52 

Measuring Tools 

99 

Miscellaneous 


Table B2. Represents a detailed breakdown of the 
product classes available in FSC product group 53. 




5306 

IBolts 

5307 

Studs 

5310 

Nuts swashers 

5315 

Nails, Keys & Pins 

5320 

Rivets 

5325 

Fastening Devices 

5330 

Packing & Gasket Materials 

5335 

Metal Screening 

5340 

Miscellaneous Hardware 

5345 

prsks & Stones Abrasive 

5350 

Abrasive Materials 

5355 

Knobs & Pointers 

5360 

Coil, Flat, & Wire Springs 

5365 

iRings, Shims & Spacers 
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-FSC- 

L«cnptnn 

Freq 

Mean 

Weight 

StdDev 

Weight 

MeanExI 

Weiqht 

StdDey 

EMWeloM 
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Tabled. Continued 


FSC 

D«c„pl,on 

Freq 

Mean 

Weight 

adDw 


SidlW 

ExIWoiaht 




4.29 


































































































3432 

Electric Resistance W^^ng Equip 


























































































































































































































































































































Tabled. Continued 





















































































Table C1. 



























































































Table Cl. 


FSC 

Description 

Freq 

M«n 

Wrtiht 

StdDw 

Welphl 

W«ght 

StdDev 

Ext Weiaht 

es20 



fl).H 

I&.73 

235.31 

































































































































































































































































































































Tabled. 


FSC 


-F?i^ 

W."ht 

Weight 

Weight 

Ext Weight 




1.33 



3012.16 





























































































































































Table D1: 67-Product Aggregation j 


Aggregate 
! Product 

- p-i^ud 

Material Dascripibn 


10U 













































































































































































































































































































































Table D4. This table provides the summary statistics (total requisitions, 
average weight per requisition, standard deviation of weight per requisi¬ 
tion, average extended weight per requisition, and standard deviation of 
extended weight per requisition) for the 44-pioduct aggregation scheme . 


1 Aggregate 

1 Product 

Frequency 

Mean 

Wekiht 

Stdbev 

Wekiht 

Mean Ext 
Weight 

StdDev 
Ext Weight 





35.88 




1 

22 

4.58 

6.40 

33.39 


10888 



4.61 

15.16 

62.66 






15.31 

161.85 






66.95 

352.67 


16455 


51 

71.96 

585.21 

33568.32 


842758 

12 

06 

34.84 










10 







12 

571975 

3 

37 

24.40 

20.11 

688.19 

13 




52.37 

50.87 

715.65 

14 

3571 

32 

92 

113.27 

66.82 

247.27 


5295 


48 

60.27 

109.75 

1308.26 

16 

15311 

52 

55 

162.18 

233.93 

1953.73 

17 

19128 

61 

69 



23596.05 

18 

122656 

37 

47 

144.13 

332.31 


20 

87903 

9 

63 

36.12 

154.12 

2191.95 







2291.74 

22 

52803 

13.92 

68.89 

97.80 

595.54 

23 

943225 

1.95 

16.07 

55.73 

7379.39 







26 

4389777 



7.98 

308.58 



32.04 

141.79 


54528.19 

28 

61247 

2.05 

5.85 

28.02 









479965 

1.17 

4.37 



33 






35 

112441 

49.53 

125.21 

775.21 

1806^1^ 

36 

3040 

8.09 

45.53 

154.44 

3476.80 

37 

25374 

1.69 

3.71 

36.95 

265.43 

38 

101209 

22.37 

98.28 

271.90 

3674.63 






4925.69 

40 

1425544 

3.19 

22.75 

126.08 

23087.42 




140.49 

875.36 

11333.11 

42 

70701 

11.86 

60.79 

135.42 

2109.67 




359.09 

488.23 

8485.96 

44 

4519 


11.40 

39.17 

321.37 
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21 





lectricBl. Cooiina Systems. Air & Oil Filters 







5 2A 




05/2815/2820/2830/ 

35/2645/2850/2895 

Engines, Turtincs, & Comps • Non Acft 

3as Reciprocating &Diesel Engines; Steam & Water 
rurbines; Gas Turbines, Rocket Engines 

2S 

10/2920/2930/2940/ 

Engine Accessories - Non Acft; Fuel Systems. Electrical 

Cooiina Svetems. Air & Oli Filters. Turbo Superchargers 

7 3i 


Mwh Povi^ Tranmi^n eW - 




8 3 

10-3590 

erviee & Trade Equip; Laundry & Dry Cloning Equip; 

hoe Repair, SsMirina Machines 




9 3 






11 4 






13 4: 












-^- i 












22 6! 


















25 1 






-28- -9 


























































































Table D6. Ttiis table provides the summary statistics (total requisitions, 
average weight per requisition, standard deviation of weight per requisi¬ 
tion, average extended weight per requisition, and standard deviation of 
extended weight per requisition) for the 29-product aggregation scheme . 


Aggregate 

Product 

Frequency 

Mean 

Wekiht 

StJDev 

Weioht 

"Miangxt'l 

Weight 

StdOev 
Ext Weight 




4.57 


437.te f 





11.23 

51.83 


318950 

3.21 

13.27 

27.12 

2307.51 


16455 


^196^ 

585.21 

33568.32 


842758 

12.06 


41.73 


6 

532254 

6.54 

23!28 

29.84 

512.66 






688.19 

8 

137623 

15.38 

78.55 

193.16 

8830.46 

9 

15311 

52.55 

162.18 

233.93 

1953.73 


122656 

37.47 

144.13 

332.31 

34794.65 


1048793 

4.26 

37.35 

63.00 

7195.74 

12 

87903 

9.63 

36.12 

154.12 

2191.95 








214740 

5.37 

28.96 

23.82 

835.14 

15 

78993 

11.88 

39.62 

56.69 

844.20 

16 

4403529 

0.70 

11.35 

22.45 

3073.53 

17 

61247 

2.05 

5.85 


358.85 

18 

2613919 

0.69 







21.42 

98.00 

6993.49 

20 

1262831 

3.00 

35.30 

69.99 

1695.06 

21 

356349 

1.94 

10.66 

14.91 

1267.82 

22 

60516 

5.90 



1139.51 

23 

112441 

49.53 

125.21 

775.21 

18061.48 




90.62 

350.49 

3960.76 

25 

1425544 

3.19 

22.75 

126.08 

23087.42 

26 



140.49 

875.36 

11333.11 


70701 

11.86 

60.79 

135.42 

2109.67 

28 







4519 

4.3S 

11.40 

39.17 

321.37 


77 









































Table D7:49-Product aggregation scheme. 


Aggregate 

Product 

FSC 

Material Description 

1 

1005-1095 

Weapons 

2 

1210-1287 

Fire Control Equipment 

1420-1450 

Guided Missile Components 

3 

1560 

Airframe Structural Comps 

1610-1680 

Aircraft Comps & Accessories 

1710-1740 

Aicft Launching,Ldg, & Gnd Handling Equip 

2620 

Tires 

4 

2010-2090 

Ship & Marine Equip 

5 

2230-2250 

Raiiwav Equip 

2410/2420 

Tractors 

2510 

Vehicular Cab Body Frame; Structural Comps 

6 

2520 

Vehicular Power Transmission Comps 

7 

2530 

Vehicuiar Brake Steering Axie; Wheel Comps 

8 

2540 

Vehicular Furniture & Accessories 

9 

2590 

Misc Vehicular Comps 

10 

2805-2895 

Engines, Turbines, & Comps 

2910-2995 

Engine Accessories 

11 

3010-3040 

Mech Power Transmission Equip 

12 

3110-3130 

Bearings 

13 

3210-3230 

Woodworking Machinery & Equip 

3405-3465 

Metalworking Equip 

3510-3590 

Service & Trade Equip 

3610-3695 

Special Industry Equip 

14 

3710-3770 

Agricuitural Machinery & Equip 

3805-3895 

Const, Mining .Excavating & Hwy 

3910-3990 

Matis Handiing Equip 

15 

4010-4030 

Rope, Cable, Chain & Fittings 

16 

4210-4240 

Fire Fighting, Rescue & Safety Equip 

17 

4110-4140 

Refrigeration & Air Cond 

4310-4330 

Pumps & Compressors 

4410-4460 

Furnace, Steam Piant, Drying Equip 

4510-4540 

Piumbing, Heating & Sanitation Equip 

4610-4630 

Water Purification & Sewage Treatment Equip 

18 

4710 

Pipe & Tube 

19 

4720 

Hose & Tubing Flexible 

20 

4730 

Fittings, Hose, Pipe, & Tube 

21 

4810-4820 

Valves 

22 

4910-4940 

Maintenance & Repair Shop Equip 

5110-5133 

Hand Tools 

5210-5280 

Measuring Tools 

23 

5305 

Screws 

24 

5306 

Bolts 

5307 

Studs 

25 

5310 

Nuts & Washers 

5340 

Misc Hardware 

5355 

Knobs & Pointers 

5360 

Coil, Flat & Wire Springs 

5365 

Rings Shims & Spacers 
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Table D7. Continued 


Aggregate 

Product 

—FSC- 

Material Description 

26 

5315 

Naiis Keys & Pins 

27 

5320 


5325 

Fastening Devices 

28 

5330 

Packing & Gasket Matls 

29 

5335 

Metal Screening 

5345 

Disks & Stones Abrasives 

5350 

Abrasive Matls 

5410-5450 

Prefabricated Structures: Scaffolding 

5510-5530 

Lumber, Mlllwork, Plywood & Veneer 

5620-5680 

Construction &Bullding Matls 

30 

5805-5895 

Communication Equip 

5905-5970 

Electrical Equip: Resistors, 

Capacitors, Filters, Networks, Circuit Breakers 

31 

5975-5999 

Electrical Hardware 

6010-6099 

Fiber Optics 

32 

6105-6140 

Electric Wire & Power & Distribution 

6150/6160 

MIsc Power & Distribution 

33 

6145 

Electrical Wire & Cable 

34 

6210-6260 

Lighting Fixtures & Lamps 

6310-6350 

Alarm & Signal Systems 

35 

S505 

Drums, Biologicals 

6508 

Medicated Cosmetics & Tioietries 

36 

6510 

Surgical Dressing Matls 

6532 

Hospital & Surgical Clothing 

37 

6515 

Medical Surgical Instruments Equip 

6540 

Opticians Instruments Equip 

6545 

Medical Sets Kits & Outfits 

6550 

In Vitro Diagnostic Substances 

38 

6520 

Dental Instruments Equip 

6525 

X-Ray Equip Supplies-Medical/Dental 

39 

6530 

Hospital Furniture Equip 

40 

6810-6850 

Chemical & Chemical Products 

41 

6910-6940 

Training Aids & Devices 

7010-7050 

Adpe, Soflware,Supplies 

42 

7105-7195 

Furniture 

7210-7290 

Househoid & ComI Furniture 

7310-7360 

Food Prep & Serving Equip 

7430-7490 

Offce Machines 

43 

7510-7540 

Office Supplies 

7610-7690 

Books, Maps & Other Publications 

7910-7930 

Cleaning Equip & Supplies 

8020-8040 

Brushes, Paints, Sealers & Adhesives 

44 

8105-8145 

Cotainers, Packaging,& Packing Supplies 

9310-9390 

Nonmetallic Fabricated Matls 

45 

8305-8345 

Textiles 

8405/8410 

Outenwear 

46 

8415-8470 

Clothing 

8510-8540 

Toiletries 

47 

8940 

Special Prep Dietary Foods 

9110-9160 

Fuels,Lubricants, Oils & Waxes 

48* 

9505-9545 

Metal Bars & Sheets 

9620-9660 

Ores,Minerals 

9905-9999 

Misc 

49* 

6605-6695 

Instruments & Laboratory Equip 

6710-6780 

Photographic Equip 
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Table D8. This table provides the summary statistics (total requisitions, 
average weight per requisition, standard deviation of weight per requisi¬ 
tion, average extended weight per requisiton, and standard deviation of 
extended weight per requisition) for the 49-product aggregation scheme. 


Aggregate 

Product 

Frequency 

Mean 

Weight 

Std Dev 
Weight 

Mean Ext 
Weight 

Std Dev 
Ext Weight 

1 

76864 

1.65 

4.57 

35.66 

437.09 

2 

19717 

1.82 

4.63 

11.23 

51.83 

3 

279741 

3.49 

13.79 

19.90 

187.45 


16455 

24.51 

71.96 

585.21 

33568.32 

5 

148096 

22.06 

38.66 

55.79 

433.91 

6 

80748 

11.53 

36.06 

56.02 

662.87 

7 

204992 

11.92 

47.08 

52.42 

3277.37 

8 

311445 

8.68 

21.89 

28.09 

350.68 

9 

97477 

8.39 

27.43 

29.63 

338.48 

10 

571463 

6.18 

22.62 

33.18 

1788.67 

11 

234908 

6.26 

25.33 

28.17 

756.06 

12 

337067 

1.35 

23.51 

14.49 

636.56 

13 

118495 

7.87 

55.80 

53.98 

743.17 

14 

34439 

57.73 

155.75 

690.17 

17637,96 

15 

122656 

37,47 

144.13 

332.31 

34794.65 

16 

87903 

9.63 

36.12 

154.12 

2191.95 

17 

264293 

15.41 

76.37 

78.32 

3779.35 

18 

109665 


30.38 

263.81 

8003.25 

19 

237074 

3.93 

22.65 

77.72 

13671.49 

20 

596486 

0.70 

5.52 

8.73 

192.25 

21 

214740 

5.37 

28.96 

23.82 

835.14 

22 

82357 

11.46 

38.87 

54.61 

826,87 

23 

587830 

0.50 

1.68 

10.87 

431.50 

24 

386548 

0.48 

2.77 

8.67 

113.39 

25 

1773715 

0.64 

6,97 

8.74 

301.44 

26 

243988 

0.66 

7.61 

10.77 

487.65 

27 

305445 

0.24 

2.05 

7.79 

469.42 

28 

1092186 

0.72 

12.53 

4.38 

125.01 

29 

13817 

31.99 

141.47 

4618.92 

54400.68 

30 

2222066 

0.58 

7.04 

5.43 

360.98 

31 

453100 

1.42 

7.10 

20.80 

237.93 

32 

190279 

10.43 

40.44 

68.71 

3233.20 

33 

116221 

3.13 

15.73 

454.30 

17657.85 

34 

479965 

1.17 

4.37 

23.34 

678.66 

35 

640987 

1.58 

5.63 

60.05 

1963.62 

36 

91173 

3.56 

6,33 

69.28 

513.56 

37 

351596 

3,34 

48.83 

70.72 

924.78 

38 

119174 

3.46 

73.10 

42.09 

2305.57 

39 

59901 

14.35 

32.93 

228.59 

1813.87 

40 

112441 

49.53 

125.21 

775.21 

18061.48 

41 

28414 

2.37 

15.42 

49.52 

1164.97 

42 

74956 

27.72 

101.36 

344.57 

4228.77 

43 

26253 

7.11 

87.13 

64.40 

969.95 


96127 

17.33 

58.94 

275.06 

3121.70 

45 

460794 

5.31 

39.78 

228.17 

40455.04 


964750 

2.17 

2,41 

77.32 

2432.82 

47 

111270 

59.47 

140.48 

875.43 

11332.74 

48 

137377 

62.09 

357.63 

485,19 

8450.67 

49 

388451 

2.53 

14.92 

23.77 

1256.27 
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APPENDIX E 


Table E1: Top 259 U. S cities as identified in SAILS (table continued on the next page) 


City 

Springfield 

S^e 

S-DaitZp 

Pittsfield 

MA 

012 

Worcester 

MA 

016 

Boston 

MA 

021 

New Bedford 

MA 

027 

Providence 

Rl 

029 

Manchester 


031 

Portsmouth 


038 

Poiliand 

ME 

041 


ME 

042 


ME 

044 

Burlington 

VT 

054 

Hartford 

CN 

061 

New London 

CT 

063 


CT 

066 

Newark 

NJ 

071 



075 

Long Branch 


077 

Atlantic City 

NJ 

084 

Trenton 

NJ 

086 

New Brunswick 

NJ 

089 

New York 

NY 

100 

Nassau-Suffolk 

NY 

115 

Albany 

NY 

122 

Newburgh 

NY 

125 

Glens Falls 

NY 

128 


NY 

132 

Utica 

NY 

135 


NY 

139 

Buffalo 


142 

Rochester 

NY 

146 

Elmira 

NY 

149 

Pittsburgh 

PA 

152 

Johnstown 

PA 

159 

Sharon 

PA 

161 

Erie 

PA 

165 


PA 

166 

State College 


168 

Harrisburg 

PA 

171 

York 

PA 

174 

Lancaster 

PA 

176 

Williamsport 

PA 

177 

Allentown 

PA 

181 

Northeast Penna 

PA 

185 

Philadelphia 

PA 

191 



196 

Wilmington 

DE 

198 

Washington 


200 


MD 

212 

Cumberland 

MD 

215 

Hagerstown 

MD 

217 



229 

Richmond 

VA 

232 

Norfolk 

VA 

235 

Petersburg 

VA 

238 

Roamke 

VA 

240 

Lynchburg 

VA 

245 

Charleston 

wv 

253 

Huntington 

wv 

257 

Wheeling 

wv 


Parkersburg 

wv 

261 

Greensboro 

NC 

274 

Raleigh 

NC 

276 

Charlotte 

NC 

282 

Fayetteville 

NC 

283 


City 


3-Digit Zip 

Wilmington 

NC 

284 

Jacksonville 

NC 

285 

Hickory 

NC 

286 

Ashvlle 

NC 

287 

Columbia 

SC 

292 

Charleston 

SC 

294 

Florence 


295 

Greenville 

SC 

296 

Rock Hill 

SC 

297 

Atlanta 

GA 

303 

Athens 

GA 

306 


GA 309 

Macon 

GA 

312 


GA 

314 

Albany 

GA 

317 

Columbus 


319 

Jacksonville 

FL 

322 

Tallahassee 

FL 

323 

Panama City 

FL 

324 

Pensacola 

FL 

325 

Gainesville 

FL 

326 

Orlando 

FL 

328 

Melbourne 

FL 

329 

Miami 

FL 

331 

West Palm Beach 

FL 

334 


FL 

336 

Ukeland 

FL 

338 

Fort Myers 

FL 

339 


AL 

352 

Tuscaloosa 

AL 

354 


AL 

356 

Huntsville 

AL 

358 

Gadsden 

AL 

359 

Montgomery 

AL 

361 


AL 

362 

Mobile 

AL 

366 

Nashvite 

TN 

372 

Chatanooga 

TN 

374 

Johnson City 

TN 

376 

Knoxville 

TN 

379 

Memphis 

TN 

381 

Jackson 

MS 

392 

Biloxi 

MS 

395 

Lexington 

KY 

405 



423 

Columbus 

OH 

432 

Toledo 

OH 

436 

Steubenville 

OH 

439 

Cleveland 

OH 


Akron 

OH 

443 

Youngstown 

OH 

445 

Canton 

OH 

447 

Mansfield 

OH 

449 

Cincinnati 

OH 

452 

Dayton 

OH 

454 

Uma 

OH 

458 


IN 

462 

Gary 

IN 

464 

South Bend 

IN 

466 

Fort Wayne 

IN 

468 

Kokomo 

IN 

469 

Munde 

IN 

473 

Bloomington 

IN 

474 

Evansville 

IN 

477 
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Table El: Continued 





Terre Haute 

IN 

478 

Lafayette 


479 


Ml 

482 

Flint 


485 


Ml 

486 


Ml 

489 

Kalamazoo 


490 


Ml 

492 

Grand P ?pids 

Ml 

495 

Des Monies 

lA 

503 

IVatertoo 


507 

Sioux City 


511 

Dubuque 

lA 

520 

Cedar Rapids 


524 

Oayenport 


528 

Milwaukee 

Wl 

532 

Madison 

Wl 

537 

Green Bay 

Wl 

543 


Wl 

544 

Crosse 

Wl 

546 

Eau Claire 

Wl 

547 

Appleton 


549 

Minneapolis- St Paul 


554 

Duluth 

MN 

558 

Rochester 


559 

St Cloud 

MN 

563 

Sioux Fats 

SD 

571 


NO 

581 

Grand Forks 

ND 

582 

Bismarck 

ND 

585 

Billings 

MT 

591 

Great Falls 

MT 

594 

Chicago 

IL 

606 

Kankakee 

IL 

609 

Rockford 

IL 

611 


IL 

616 

Bloomington 

IL 

617 

Champaign 

IL 

618 

Springfield 

IL 

627 

St Louis 

MO 

631 

Kansas City 

MO 

641 

St Joseph 

MO 

645 

Columbia 


652 

Springfield 

MO 

658 

Lawrence 

KS 

660 

Topeka 

KS 

666 

Wichita 

KS 

672 

Omaha 

NE 

681 

Lincoln 

NE 

685 

New Orleans 

LA 

701 

Lafayette 

LA 

705 

Lake Charles 

LA 

706 

Baton Rouge 

LA 

708 

Shreveport 

LA 

711 


LA 

712 

Alexandria 

LA 

713 

Pine Bluff 

AR 

716 

Little Rock 

AR 

722 

Fayetteville 

AR 

727 

Fort Smith 

AR 

729 

Oklahoma City 

OK 

731 


OK 

735 

Enid 

OK 

737 

Tulsa 

OK 

741 



State 

3-DioitZip 



7S2 ' 

Texarkana 

TX 

755 

Long View 

TX 

756 

Tyler 

TX 

757 

Wichita Falls 

TX 

763 

Killeen 

TX 

765 

Waco 

TX 

767 

San Angelo 

TX 

769 

Houston 

TX 

770 


TX 

775 

Beaumont 

TX 

777 

3tyan 

TX 

778 

Victoria 

TX 

779 

San Antonio 

TX 

782 

Corpus Christi 

TX 

784 

lAcaHen 

TX 

785 

Austin 

TX 

787 

AmariRo 

TX 

791 

Lubbock 

TX 

794 

Abilene 

TX 

796 




El Paso 

TX 

799 


CO 

802 

Fort Collins 

CO 

805 


CO 

806 

Colorado Springs 

CO 

809 

Pueblo 

CO 

810 

Casper 

WY 

826 

Boise 

ID 

837 

Salt Lake City 

UT 

841 


UT 

846 


AZ 

850 


A2 

857 

Albuquerque 

NM 

871 

Las Cruces 

NM 

880 

Las Vegas 

NV 

891 

Reno 

NV 

895 

Los Angeles 

CA 

900 


CA 

921 


CA 

925 

Anaheim 

CA 

928 

Oxnard 

CA 


Bakersfield 

CA 

933 

Fresno 

CA 

937 

Salinas 

CA 


San Franciscan 

CA 

941 

Vallejo 

CA 

945 

San Jose 

CA 

951 

Stockton 

CA 

952 

Santa Rosa 

CA 

954 

Sacramento 


958 

Chicago 

CA 

959 

Redding 

CA 

960 

Portland 

OR 

972 

Salem 

OR 

973 

Eugene 

OR 

974 

Medford 

OR 

975 

Seattle 

WA 

981 

Bellingham 

WA 

982 



984 



985 

Yakima 


989 

Spokane 


992 

Richland 


993 
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Table E2. This table provides the 113-customer aggregations by city and three-digit zip code. 
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Table E3 This table provides the 199-customer aggregations by city and three-digit zip code 
(table continued on the next page) 


I CITY 

STATE 

3-DIGIT 

ZIP CODE 

ALBUQUERQUE 

NM 

871 

HARRISBURG 

PA 

171 

CHARLESTON 

SC 

294 

CHATTANOOGA 

TN 

374 

PORTSMOUTH 

NH 

038 

COLUMBIA 

SC 

292 

BAKERSFIELD 

CA 

933 

LITTLE ROCK 

AR 

722 

DAVENPORT 

lA 

528 

SHREVEPORT 

LA 

711 

STOCKTON 

CA 

952 

SPOKANE 

WA 

992 

VALLEJO 

CA 

945 

AUGUSTA 

GA 

309 

CORPUS CHRISTI 

TX 

784 

JACKSON 

MS 

392 

COLORADO SPRINGS 

CO 

809 

UTICA 

NY 

135 

EVANSVILLE 

IN 

477 

HUNTSVILLE 

AL 

358 

TRENTON 

NJ 

086 

SALINAS 

CA 

939 

PENSACOLA 

FL 

325 

MELBOURNE 

FL 

329 

MONTGOMERY 

AL 

361 

NEWBURGH 

NY 

125 

MACON 

GA 

312 

FAYETTEVILLE 

NC 

283 

COLUMBUS 

GA 

319 

NEW LONDON 

CT 

063 

SAVANNAH 

GA 

314 

KILLEEN 

TX 

765 

LUBBOCK 

TX 

794 

SPRINGFIELD 

MO 

658 

RENO 

NV 

895 

ATLANTIC CITY 

NJ 

084 

BILOXI 

MS 

395 

TOPEKA 

KS 

666 

BOISE 

ID 

837 

GREEN BAY 

Wl 

543 

ALEXANDRIA 

LA 

713 

WILMINGTON 

NC 

284 

BANGOR 

ME 

044 

PETERSBURG 

VA 

238 

TEXARKANA 

TX 

755 

PUEBLO 

CO 

810 

ANNISTON 

AL 

362 

ALBANY 

GA 

317 

HAGERSTOWN 

MO 

217 

JACKSONVILLE 

NC 

285 
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Table E3. Continued 



CITY 

STATE- 

3-DIGIT 
ZIP CODE 

FLOftENCE 

AL 

356 

ATHENS 

GA 

306 

MANSFIELD 

OH 

449 

SIOUX CITY 

lA 

511 

ODESSA 

TX 

797 

CHARLOTSVILLE 

VA 

229 

FLORENCE 

SC 

295 

SIOUX FALLS 

SD 

571 

BILLINGS 

MT 

591 

GLENS FALLS 

NY 

128 

KOKOMO 

IN 

469 

KANKAKEE 

IL 

609 

BLOOMINGTON 

IN 

474 

PINE BLUFF 

AR 

716 

SAN ANGELO 

TX 

769 

ENID 

OK 

737 

NEW YORK 

NY 

100 

DETROIT 

Ml 

482 

HOUSTON 

TX 

770 

PITTSBURGH 

PA 

152 

MINNEAPOLIS - ST PA 

MN 

554 

HARTFORD 

CN 

061 

BIRMINGHAM 

AL 

352 

CHARLOTTE 

NC 

282 

SPRINGFIELD 

MA 

Oil 

KNOXVILLE 

TN 

379 

NEW BEDFORD 

MA 

027 

LANSING 

Ml 

489 

MOBILE 

AL 

366 

WICHITA 

KS 

672 

PEORIA 

IL 

616 

DES MOINES 

lA 

503 

LEXINGTON 

KY 

405 

ROCKFORD 

IL 

611 

PORTLAND 

ME 

041 

SAGINAW 

Ml 

486 

FORT SMITH 

AR 

729 

SPRINGFIELD 

IL 

627 

YAKIMA 

WA 

989 

ST CLOUD 

MN 

563 

FORT COLLINS 

CO 

805 

CHICAGO 

CA 

959 

ABILENE 

TX 

796 

TUSCALOOSA 

AL 

354 

MEDFORD 

OR 

975 

WICHITA 

TX 

763 

BURLINGTON 

VT 

054 

CUMBERLAND 

MD 

215 

LAS CRUCES 

NM 

880 
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